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TYPES OF AUTOMATIC TRAIN CONTROL 


INTRODUCTION 


1, Purpose of Automatic Train Control_—The purpose of 
automatic train control is to control automatically the movement 
of a train in the event of inability or failure of the engineer to 
obey the signals. The control of the train.is left entirely with 
the engineer as long as he obeys the requirements of the signal 
indications ; when he fails to do so, the automatic train control 
operates and brings the train to a stop. With train control, it 
is therefore possible to increase the safe running speed of trains 
and also to decrease the clearance between trains. 


2, Electric and Pneumatic Equipment—The automatic 
train-control apparatus comprises two sets of equipment, the 
electric and the pneumatic, Under certain conditions the action 
of the electrical apparatus brings about the operation of the 
pneumatic apparatus, which then applies the brakes, 


3.. Explanation. of Types.——Automatic train sane falls 
into two general types; namely, continuous and intermittent. 
The distinction between these two types of control can be under-_ 
stood from the following: Assume that a train moving in the 
direction of the arrow, Fig. I, approaches a caution signal; this 
implies that another train is occupying block 2, As the train 
passes the caution signal, the cab signal changes from clear to. 
caution. a he Sees is now tequined ie ae a . certain daa 
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brakes are applied automatically by the train-control apparatus. 
It is difficult to define briefly the exact meaning of the term 
acknowledging ; the meaning varies somewhat with the different 
equipments. Ina broad sense the term refers to the act of pre- 
venting the train-control equipment from cutting in, this act 
heing performed by the acknowledging switch ar lever. 

To illustrate, it is assumed that the engineer takes the required 
action immediately after entering block 1, and is therefore pro- 
ceeding at reduced speed. In the meantime should the train 
ahead be running at such a speed that it leaves block 3 before 
the other train enters block 2, the cab signal will at once change 
to clear and the latter train can immediately resume normal run- 
ning speed, This is termed continuous train control, because the 
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engineer is continually informed of track conditions in the 
blocks ahead. 


4. Cab lights cannot be used with intermittent train con- 
trol. At the moment the train passes a caution signal, the engi- 
neer is required to acknowledge it; he then usually applies the 
brakes and reduces the speed enough to permit a stop at the home 
signal. Even should block 2 now clear up, the engineer has no 
means of knowing this fact until he approaches close enough 
to observe the signal. Therefore, the train control is said to be 
intermittent because, after passing the caution signal, the engi- 
neer has no indication of change in track conditions in the blocks 
ahead until he nears the home signal. In other words, he receives 
no indication of a change in track conditions while running 
between wayside signals. 


5. Summary.—The foregoing can be summarized by say- 
ing that a continuous train control is one in which the engineer 
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is immediately notified by his cab signal of any change in track 
conditions ahead. With intermittent train control the engineer 
is only informed of track conditions intermittently ; that is, when 
approaching the wayside signals. The advantage of continuous 
train control then, is that, when running in a restricted block, 
the engineer is immediately notified when the signals clear up; 
and normal running speed can be resumed. 


DIVISIONS OF CONTINUOUS TRAIN CONTROL 


6. Classification—There are two divisions of continuous 
train control; namely, speed control and automatic stop. Speed 
control may be divided into two classes; the two-speed control 
and the three-speed control, these equipments always being sup- 
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plied with axle governors. An automatic stop imposes no speed 
limit ; it furnishes a continuous cab indication. Each change of 
cal) indication to a more restrictive condition requires an 
acknowledgement on the part of the engineer, otherwise the 
train will be automatically stopped. 


7. Two-Speed Type—With the two-speed type of train 
control, the train can move at unrestricted speed in clear blocks ; 
in caution and occupied blocks, the speed is gradually reduced 
below the low-speed limit, usually 20 miles per hour; this speed 
cannot be exceeded until a “clear” indication is received in the 
cab. The relation of the speeds with respect to the block signals 
is shown in Fig. 2. 


8. Three-Speed Type.—With the three-speed type of train 
control, the train can move at an unrestricted speed in clear 
blocks, at a medium speed between a caution signal and the 
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braking point, and at a low speed between the braking point and 
a train in the block ahead. The foregoing is illustrated in 
Fig. 3. The three-speed system permits a higher speed between 
the caution signal and the braking point than does the two-speed 
system, and hence results in greater speed in train operation. 


9. Automatic Stop With Continuous Cab Indication (Code 
System).——The two- and three-speed systems of continuous 
train control limit the speed of trains in caution and occupied 
blocks; the automatic stop with continuous cab indication stops 
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the train at signals other than clear unless the engineer acknowl-. 
edges and thus prevents the device from operating. Under this 
condition, the responsibility for the speed of the train in caution 
and occupied blocks is left entirely to the engineer. The con- 
tintious cab indication keeps the engineer always informed of 
track conditions ahead and he can therefore govern the speed 
accordingly. This system of train control is commonly known 
as the code system. 


INTERMITTENT TRAIN CONTROL 


10. There are no divisions of intermittent train control. 
This type of train control is similar to the automatic stop with 
continuous cab indication, except that there is no system of 
lights to give a continuous cab indication. Cab lights cannot 
be used with this type of control; instead, an audible signal is 
given when passing restrictive signals that have been acknowl- 
edged, 
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SUMMARY 


ii. The foregoing may be briefly summarized in the fol- 
lowing manner: 


Two- 
Speed Control! sl speed 
: Three-speed 
Continuous 
Automatic Train Automatic Stop (Code System) 
Control 
Intermittent............06. Automatic Stop 


DESCRIPTION AND OPERATION OF CONTINUOUS 
TRAIN CONTROL 

12. Circuit-Receiving and Amplifying Apparatus.—In 
Fig, 4 is shown a diagram of the circuit-receiving-and amplify- 
ing apparatus. A receiver consisting of a laminated iron bar 
and two coils of wire is mounted to the rear of the pilot and 
about 6 inches above the rails. The two coils of wire, each in 
line with a rail, are mounted on the bar, An adjustable con- 
denser in series with the receiver is connected across a portion 
of the reactor, and another adjustable condenser is connected 
across the whole reactor. Each vacuum tube is composed. of 
three elements; a filament similar to that of an incandescent 
light, a grid of meshed wire around the filament, and a eylindri- 
cal metal plate that encloses the other two elements. A trans- 
former and a rectifier complete the equipment, the latter being 
used to change an alternating current-to a direct current when 
a. direct-current relay is used. 

From the standpoint of safety as well as for other reasons, 
it is undesirable to have a voltage on the rails that would ‘give. 
a cutrent high enough to operate. the direct-current relay; only 
about 4 volts are used. Although this low current would not 
» Induce enough electromotive force in the receiver to operate the 
_ relay, yet, by means of an. amplif ing apparatus, it is possible 


light penetator for the. operation f the relay. The minute cur 
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direct-current relay, thereby causing its contact arms to be picked 
up; an absence of current in the receiver prevents this flow of 
current through the relay and causes its contact arms to drop. 

The manner in which this is accomplished is as follows: it 
being assumed first that no current is flowing in the receiver 
circuit. The filaments of the vacuum tubes must he heated; 
this is accomplished by a circuit from the generator through 
wire B32, hence through one filament, the ballast lamp, the other 
filament, and then through wire c back to the generator. The 
voltage of the headlight generator fluctuates and the ballast lamp 
is used to keep the current constant. . 

A constant direct current flows irom the B300 wire of the 
generator to the plate of the vacuum tube P/J2 thence through 

‘the tube to the filament, then to the wire c of the generator; a 
current also flows from the B300 wire to the plate of the vacuum 
tube PJ4 through the tube to the filament and the wire c of the 
generator. 

The condenser P prevents the constant direct current from 
the generator from passing through the primary coil of the trans- 
former. Even if current were permitted to pass through this 
coil, the only result would be a loss of energy, because a con- 
stant direct current in the primary coil would not induce an 
alternating current in the secondary coil. With no passage of 
current through the secondary coil of the transformer and the 
rectifier, the direct-current relay is deenergized. 


13. An entirely different condition exists when an electro- 
motive force is induced into the receiver by current in the rails. 
A current is now established in a circuit consisting of the 
receiver, the wires m, Fig. 4, the tuning condenser, part of the 
reactor, and wire x. A circuit is formed by wire », the grid 
and filament of the vacuum tube PJ2, the wire, and the reactor 
‘that acts as an auto-transformer. This is known as the grid 
circuit, The alternating current in the grid circuit alternately 
makes the grid positive and negative with respect to the fila- 
ment; when the grid is positive the constant direct current in 
the plate circuit is increased ; when the grid is negative the plate- 
circuit current is decreased; the effect of this is to cause pulsa- 
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tions in the direct current. However, the pulsations in this cur- 
rent are much greater than the pulsations in the alternating cur- 
rent in the receiver. The pulsations in the plate-circuit current 
_ pass through the condenser and are impressed on the grid of the 
vacuum tube P/4. The action here is similar to that already 
described and the pulsations in the plate-circuit current are still 
further increased. The purpose of creating pulsations in the 
plate circuit of this tube will be apparent from the following: 
The pulsating direct current in the plate circuit alternately 
charges and discharges the condenser P that causes an alternat- 
ing current in the primary coil of the transformer. With such 
a current in the primary coil of the transformer, an alternating 
current will flow in the secondary coil. The current in this coil 
is changed to a direct current by the rectifier and energizes the 
direct-current relay. 


14. Summary.—The foregoing may be summarized as fol- 
lows: A current in the grid circuit of the first vacuum tube 
creates pulsations in the plate-circuit current of the second 
vacuum tube, thereby making it possible for a current to pass 
through the transformer to the direct-current relay. With no 
current in the grid circuit of the first vacuum tube, no pulsa- 
tions form in the plate-circuit current, hence a current cannot 
pass through the condenser to the primary coil of the trans- 
former. Therefore, the purpose of the amplifying apparatus 
is to create pulsations in a current from the headlight generator 
when the rails carry a current. 


UNION SWITCH AND SIGNAL COMPANY'S TWO-SPEED 
TRAIN CONTROL 


WAYSIDE CIRCUITS AND SIGNAL CIRCUITS 


15. Relation Between Circuits.—An alternating current is 
used in the wayside circuits of continuous train-control systems, 
The current is supplied from a power station and is conveyed 
along the right of way on two wires on poles, these wires being ~ 
connected by means of other wires to the rails at the leaving end 
of each block as at a, Fig. 5. The direction of traffic is here 
assumed to be from the left to the right end, thus the leaving 
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point of a block is where the rails of this block are insulated 
from the rails of the next block ahead as required by the signal- 
ing system. The pole line carries about 550 volts; this is stepped 
down by transformers to about 4 volts across the rails. It is 
assumed that the signal system uses a direct current. 

The signal system and the train control wayside circuits are 
so interconnected that in a clear block, such as 7, a contact con- 
trolled by the signal system is closed. With this contact closed, 
an alternating current from the wayside circuit flows from the 
leaving end of the block through one rail, through the relay, 
and back through the other rail to the point where it entered. 
No alternating current is flowing through the rails between the 
caution signal and the stop signal, as in block 2, because the block 
signal, when going to stop as shown, opens a contact and breaks 
the circuit. With an engine in block 3, an alternating current 
is flowing from the leaving end of this block, through one rail, 
thence through the axle of the engine truck to the other rail, and 
then back to the leaving end. It is assumed, of course, that the 
block ahead of 3 is unoccupied. In addition to there being no 
cutrent in block 2, there is also no current in block 3 between 
the rear of the engine truck and the entering end of this block. 

The foregoing can be summarized by stating that the signal 
system will permit a flow of alternating current through the 
rails of a clear block and between the engine and the leaving end 
of the block it occupies, but no current between the engine and 
the caution block at the rear. 

Owing to the presence of current the engineer of a train mov- 
ing through block 7 will receive a clear or a green cab signal, 
commonly called a high light. When the engine passes the cau- 
tion signal the cab indication, owing to the absence of current, 
will change to a caution or a low light between this signal and 
the train shown in block 3. 


_ LOCOMOTIVE CIRCUITS 
16. Circuits on a High Light—The simplified wiring dia- 
gram in Fig. 6 shows the electrical circuits when running on a 
high or a green cab indication. As already explained, alternat- 
ing curtent is flowing through the track circuit with a green cab 
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indication, and results in the direct-current relay being energized. 
The upper and lower contact arms of this relay will then be in 
their upper position as shown. With these arms in this position 
current flows through the B32 wire of the headlight generator 
then through contact AZ to the wire Al and the high light of 
the cab indicator, thence through the wire and contact NAI back 
to the wire C and the generator. This causes the light to burn. 

The governor magnet is energized by current from the genera- 
tor flowing through wire iB32, contact Al and wire Al to the 
contact Ad of the acknowledging relay, through wire H2 and 
the contact H2 of the acknowledging switch and wire H’ to the 
governor magnet. The current then passes through the wire 
NH1 and the contact NA1, through the contact NAJ at the 
direct-current relay, and thence to the generator. In brief, the 
green cab light and the governor magnet are receiving current 
from the headlight generator. 


17. Circuits With a Low Light—The simplified wiring 
diagram in Fig. 7 shows the electrical circuits that are estab- 
lished when the cab light changes from green to orange or from 
high to low. It has already been explained that there is no alter- 
nating current flowing through the rails of a caution block, hence, 
as soon as the receiver on the locomotive enters such a block, the 
direct-current relay on the locomotive becomes deenergized. 
This results in the contacts 47 and NAI opening and the con- 
tacts S1 and NS closing. This breaks the circuit from the gen- 
erator to the high light and establishes a circuit from the genera- 
tor through wire B32, contact SI, wire SI, to the contact AST 
at the ctt-out switch, and thence to the low light. The current 
then passes through the wire NS and contact NS to the genera- 
tor; this lights the low light. 

It will be apparent that the opening of the contacts Ai and 
NAI1 of the direct-current relay will.deenergize the governor 

“magnet, : 


18. Acknowledging Circuit—The simplified wiring dia- 
gram in Fig. 8 shows the circuit when the acknowledging switch 
is operated. The purpose of the acknowledging switch is to 
energize the acknowledging relay. 
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Operating the acknowledging switch closes the contact AST; 
current then passes from the generator through wire B32, con- 
tact SJ, the cutout switch contact AS7 of the acknowledging 
switch, wire SPI, contact SP of the pneumatic relay, coil SP 
af the acknowledging relay, and the contact NS to the headlight 
generator. This passage of current energizes the acknowledging 
relay and causes the contacts NLS and LS1 to close; these con- 
tacts will still remain closed when the switch is returned to nor- 
mal position, The acknowledging circuit can be completed at 
any train speed, provided the contact SP of the pneumatic relay 
is closed. However, this contact opens and remains open for a 
predetermined period of time when the train control cuts in, and 
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is in the governor-magnet circuit, the magnet will be deenergized 
when the acknowledging switch is moved from normal position. 
Therefore, the train control will cut in if the switch is held away 
from normal position for more than a predetermined interval, 
or the time required for the timing valve to seat. 


19. Low Speed. Circuit—The purpose of the low-speed cir- 
cuit, Fig. 9, is to permit the governor magnet to be energized at 
speeds less than the low-speed limit. With the governor magnet 
energized, the train can proceed at less than the low-speed limit 
without the brakes being applied by the train control. 

When the acknowledging switch is returned to normal posi- 
tion, the governor-magnet circuit is closed at this point. With 
the speed under the low-speed limit, the contacts at the axle gov- 
ernor are closed, as shown by the full lines. The low-speed cir- 
cuit is then completed through wire B32, the contacts B32 and 
LSI of the axle governor to wire LSI, the contact LSZ of the ° 
acknowledging relay, contact H2 of the acknowledging switch, 
the governor magnet, contact NLS of the acknowledging relay, 
wire NLS, contacts NLS and C of the axle governor to wire C 
and the generator, The current through this circuit energizes 
the governor magnet. This circuit will be broken at speeds above 
the low-speed limit because the contacts at the low-speed gov- 
ernor then assume the position shown by the dotted lines. 

Three requirements must be met in order to complete the low- 
speed circuit: The acknowledging relay must be energized by the 
acknowledging circuit in order to pick up its contacts; the 
acknowledging switch must be returned to normal position; the 
speed must be below the low-speed limit. 


THREE-SPEED AUTOMATIC TRAIN CONTROL 


WAYSIDE CIRCUITS AND SIGNAL CIRCUITS 


20. Relation Between Circuits.—In Fig. 10 is a wiring dia- 
gram that shows the relation between the wayside circuits and 
the signal circuits of a three-speed train-control system. As an 
alternating current is used in both the train-control and the signal 
circuits, the plus and minus signs and the arrows must be con- 
sidered as representing instantaneous direction of current only. 
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A. three-speed train-control system requires three cab indica- 
tions and in order to obtain them, the train-control relay must 
be capable of assuming three positions; it will now be shown 
how this is done. The relay has two coils; one connected to the 
track receiver, which in turn is energized by the track circuit, 
and the other coil connected to the loop receiver that is energized 
by the loop circuit. If acertain relation exists between the direc- 
tion of these currents, as, for example, if each current is flowing 
in the direction indicated by the arrow, a high light will be 
obtained, If the current in the coil connected to the track 
receiver is reversed and the current in the other coil remains the 
same, then a medium light will be obtained. If either one of 
these coils is deprived of current, a low light will be obtained. 
Tt will now be explained how the track circuits are arranged to 
bring about the foregoing conditions in the train-control relay. 

Starting at the transformer A, the current in the track cir- 
cuit leaves the positive terminal of the secondary coil of the 
transformer and passes through the wires b and b’ to the primary 
of the track transformer B, thence through the wires C’ and ¢ 
to the transformer A. The current in the primary coil of the 
transformer B causes a current to flow through the secondary 
coil and rail d to one line of the track relay C, thence through 
rail e, and back to the secondary coil of the track transformer B. 
It will be assumed that this flow of current in the track circuit, 
as indicated by the dotted arrows, will cause a flow of current in 
the train-control relay coil connected to the track receiver in the 
direction of the arrow. 


21. Starting at the secondary coil of the transformer D, the 
current in the loop circuit passes through the wire f, contact 
arm of the track relay, and the wire gto the middle of the resis- _ 
tor kh. The current then flows in e direction to the rails’ ad. 
and ¢ to the braking point and to the utside ends of the resis- 
tort, then from the. middle of istor to wire j and back to 
the transformer D, This‘cir 
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on a locomotive between the braking point and the signal ahead, 
and if this signal is at clear, a high light will be obtained as 
already explained. Another loop circuit is completed from the 
transformer E, through the wire #, the middle of the resistor m, 
and through that portion of the rails ¢ and ¢ to the left of the 
braking point, to the resistor 2, to wire 9, and bacl< to the trans- 
former E. The current in this loop circuit flows in the same 
direction as in the ather loop circuit, Therefore, with a train 
in the section to the left of the braking point and the signal 
ahead at clear, the condition in the loop-receiver coil of the relay 
remains unchanged and the high light will be obtained. It will 
be noted that the track circuit is effective on the train in any 
part of the block. 


22. It will be assumed, next, that there is an engine in the 
next block to the one shown. The signal behind the engine will 
now be at stop and the other one will be at caution, The action 
of the signal system is now such as to cause the contact arm r to 
assume a vertical position, thereby opening the loop circuit ; also, 
the signal system causes the two contact arms of the switch F 
to move to the right. This latter results in the reversal of the 
current in the track circuit ; that is, the current now flows from 
b to C’ and thence from Db’ to c. Reversing the current in the 
primary coil of the transformer results in a reversal of current 
in the secondary coil and in the track rails. Under these condi- 
tions the track receiver of an engine passing the caution signal 
will receive a reversed track current with the result that the cur- 
rent in the train-control relay coil will also be reversed. The 
current in the other coil will remain as before, because the loop 
_ circuit between the caution signal and the braking is active. The 
result is that the cab indication will change from high to medium, 
It is now assumed that the engine next passes the braking point. 
The track circuit will remain the same as before; that is, it is 
reversed, but the engine has passed off the previons loop cireuit 
and onto the other one. But this latter loop circuit is open, as 
already explained, hence the coil of the relay is deprived of cur- 
rent. The result is that the cab indication changes from a 
medium to a low light. 
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23, It is next assumed that the engine passes the stop sig- 
nal; owing to the first engine, there will be no current in the 
track circuit between this engine and the stop signal, therefore 
the track-receiver relay coil on the second engine will be deprived 
of current. The loop circuit in the block is active and this coil 
of the relay will be energized; the result will be that the engine 
will continue to operate on a low light. It will be noted that the 
current in the loop circuit is passing through both rails in the 
same direction and hence is not short-circuited by the first engine 
as is the track circuit. 


LOCOMOTIVE CIRCUITS 


24. Receivers—A three-speed train-control system re- 
quires two receivers, the track-circuit receiver and the loop- 
circuit receiver. The track-circuit receiver is placed behind the 
pilot as with the two-speed system, the other is placed at the 
rear of the tender. The track-circuit receiver is not affected by 
the current in the leop circuit, neither is the loop-circuit receiver 
affected by the current in the track circuit. The two coils of 
the track receiver are so connected that’ the electromotive forces 
induced in them by the current in the loop circuit oppose each 
other and are thereby neutralized. Also, in the loop-circuit 
receiver, the coils are so connected that the two electromotive 
forces induced by the current in the track circuit are in opposi- 
tion and hence neutralize each other. 


25. Circuits on a High Light Both. coils of the relay M, 
Fig, 11, are energized on a high light ;-one by the track circuit, 
the other by the loop circuit. Under such conditions, the con- 
tact arms will move to the right and make contact at 47 and 

NAL A circuit is then completed through the wire: B32, the 


- contact Al to a similar: contact at the cab indicator, thence ‘to « 


the wire NA1 and contact NAL to the wire C. This’ circuit 

Causes. the high” jight to bur Another citcuit is. completed 
~ through the wire B32, coritac middle contact arm of the _ 
cut-out relay, the governor H, to. the Jower contact NAT, - 
= thence to the. wire: C Thi energizes the. highiepeed: rove” 
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26. Circuits On a Medium Speed Light—On a medium- 
speed light, the current through the track-circuit coil of the 
relay has been reversed with respect to the other one, thereby 
causing the contact arms to move to the left, A circuit is then 
completed through wire B32, Fig. 11, contact R, the light M of 
the cab indicator, contact NR to wire C. A circuit is also estab- 
lished to the medium-speed governor through wire B32, con- 
tact R, the governor M, and contact NR to wire C, 


27. Circuits On a Low Light——On a low light either one 
of the relay coils may be deenergized. The contact arms then 
assume a middle position, thereby completing a circuit through 
wire B32, Fig. 11, contact S7, the light L of the cab indicator, 
contact NS to wire C. In this case neither governor magnet is 
energized, and this enforces the low speed limit. Each change 
of signals to a more restrictive condition requires acknowledge- 
ment to prevent the train control from operating. With this 
equipment, acknowledging is done pneumatically. 


28. Cut-Out Circuit—The purpose of the cut-out circuit 
is to cut out the equipment when the locomotive is to operate 
in territory not equipped with train control, If means were 
not provided to cut out the train control, the train would have 
to. be operated at the low-speed limit. At the time of cutting 
out, the engine must be moving on a section of track equipped 
with a special loop circuit carrying a high current. The cut-out 
switch is then closed, which completes a circuit through wire 
B32, contact Al of the train control relay, the cut-out switch, 
coil P of the cut-out relay, and contact NA1 of the train-control 
relay to wire C. This pulls the three contact arms of the cut-out ~ 
relay into their. upper. positions. When. the engine passes off 
the section of track equipped with the loop circuit, the train-con- 
trol relay will be deenergized and its contact arms will assume. 
the low-speed position. A stick 

wire B32, contact S1, the upper 
and coil S to wire C. T 
- normal position, thereby 
_ contact $1, the middle 
4 erhor Oat H, the lo 


i the cut-out iy the gov-. 


‘is now completed through 
ntact arm of the cut-out relay 
‘switch is next returned to 
g a circuit through wire B32, a 
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wire C. This cireuit keeps the high-speed governor magnet 
energized, ard permits the train to be operated without interfer. 
ence from the train control. The train control is automatically 
cut in when the engine again enters train-control territory. This 
is done by the train control relay becoming energized and thus 
breaking the stick circuit of the cut-out relay. 


CODE SYSTEM 


WAYSIDE CIRCUITS AND SIGHAL CIRCUITS 


29. Relation Between Circuits.—Where more than three 
cab indications are to be used it becomes impossible to use the 
track and loop circuits of the two- and three-speed systems to 
control the locomotive equipment ; instead, it becomes necessary 
to cade the current to the rails, The term code here means that 
the current is interrupted ; that is, the circuit is opened and closed 
@ certain number of times per minute, in this instance, 180, 120, 
and 80 times, One relay on the engine is tuned to pick up only 
on 180 interruptions per minute, another relay only on 120, 
another only on 80, each relay controlling the current to its par- 
ticular cab indication. A fourth cab indication will be given 
when none of the relays are picked up. 

The relation between the signal system, which in this case uses 
alternating current, and. the wayside train-contro] circuits with 
an engine entering a clear block is shown in Fig. 12. Owing to 
section A being clear, the track relay of the signal system in this 
section is energized by the signal circuit, thus moving the contact 
art & to the left. This completes a circuit from line g of the 
110-volt line. through the contact arm k and the relay ISA to | 
the line.h; this energizes the relay LSA and pulls the contacts. 
é and 7 into their upper position. oe 

The track relay of section B will be deenergized. as soon as 
the engine enters this section ; this permits the contact arm d t 
‘drop down and close a circuit... This circuit will cause the rela 
I a to-he energised and the contact arms ¢ and f to move up an 
te completes a ¢ circuit from 
rélay 1-2CT to line A, ¢1 
ry now starts a motor t 
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operates the code tranamitter. A primary circuit is also coms 
pleted from line g through contact arm f, wire /TP35, and con- 
tact arm 4 of the code transmitter. Irom the code transmitter 

the circuit is completed through wire /TP6, wire /TP1, contact 
arm i, wire JT P2 to one coil of the transformer, Hierek to wire 
i7P3 and contact 7 to line A. This current induces an electro- 
motive force and causes a current to flow in the secondary cir- 
cuit, comprising the secondary coil of the transformer, one track 
rail, the engine-truck axle, and the other rail. The contact 4 
of the code transmitter makes and breaks the primary circuit 
180 times per minute, therefore the current in the secondary cir- 
cuit is interrupted the same number of times. The effect of the 
current in the secondary circuit is to induce an electromotive 
force in the receiver on the engine, this electromotive force 
finally resulting in a green cab indication, 

The foregoing may be summarized as follows: Relay JV is 
energized and picks up contact ¢; this starts the motor of the 
code transmitter, The contact f, picked up with ¢, and the code 
transmitter control the current from the 110-volt line to the 
primary of the transformer; a similar current flows in the sec- 
ondary circuit. 


30. If section A, Fig. 13, is occupied when the engine enters 
section B, the track relay in section A will be deenergized owing 
to the train in this section, The relay JS A. will then be deener- 
gized because the contact kis opened; this permits the contact ): 
arms é and 7 to drop and make contacts in their lower positions. 
The relay I} will be energized through the same circuit as before, 
thereby completing a cirenit through the motor of the code trans- 
mitter as already explained. When the contact arm f is picked 
up by the relay 7, a cireuit is completed from line g, through 
contact arm f, wire [7 P5, the contact C of the code transmit- 

tet, wires ITP? and ITP4, contact is to the primary coil of the 
transf emer, Cseice to contact rm dand line h. This cure at 
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ber of times. This finally results in an approach cab indication, 

With the condition shown in Fig. 14, there is no current in 
the rails between the head engine and the block at the rear. If 
the engine in section 4 enters section B, a caution-slow cab indi- 
cation will be given. 


31. The circuits when the current is coded 120 interrup~ 
tions per minute are not shown. These are made, as already 
explained, by using another contact on the contact arm of the 
code transmitter ; another line relay will also have to be used in 
the signal system. 


Lowe current 


birection of Trartie———————~ 


Section A 


ae 
i 


wayside Circults- Cautton- Stow. 
Fic. 14 


32. With no engine in either section 4 or B, Fig. 15, the 
track relay of section A will be energized and the contact d will 
be open. The relay ZV will be deenergized, permitting the con- 
tact arms ¢ and f, Fig. 13, to drop to their lower position. The 
citcuit is now completed from the plus of the autotransformer 
to contact arm f through wire /TP1, contact i, wire IT P2, the 
primary coil of the transformer, wire J7-P3, and contact arm j 
to line #, This gives a continuous alternating current in the 
primary circuit ; a similar current flows in the secondary circuit. 


33. If an engine is in section B, Fig. 15, the track relay of 
this section and relay $A will be deenergized and contact arms 
tand j will drop into their lower positions. A circuit. is.then 
completed from the plus of the autotransformer through the: 
contact arm @, wite JT P4, contact j, wire IT P3, the primary coil 
of the transformer, wire J7P2, contact arm i, and back to the 
dine h. There is now a continuous alternating current in the rails 
of séction 4 but in the reverse direction as before; this throws 
the signal to approach. 
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LOCOMOTIVE CIRCUITS 


34. Description._-The receiver D, Fig, 16, the amplifier #, 
and the transformer J’, operate in the same manner as similar 
equipment already explained with the two-speed system. How- 
ever, the master relay G replaces the J.C. relay of the two-speed 
system. The master-relay magnet is connected to one coil of 
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arm @ and contact f, and coil ¢ of the transformer to the wire ¢ 
af the generator. In this case, the current is flowing in the 
reverse direction, as shown by the dotted arrow. This vibratory 
action of the contact arm induces an alternating current in the 
secondary coil af the transfarmer. This coil has a number of 
taps so that the amount of current flowing to the three recti- 
fers can be regulated, Condensers and reactors are arranged 
to tune the various relays so as to make them pick up on a par- 
ticular code. The relay A is tuned to pick up its contact arms 
when the current in the rail is interrupted 180 times a minute; 
under any other condition of rail circuit, the contact arms m 
and » will assume the positions shown by the dotted lines, The 
relay 2 is tuned to pick up its contact arms o and p only on 120 
interruptions, the relay L is so tuned that its contact arms g and 
7 will be picked up on any code. However, if there is a con- 
tiruous alternating current or no current in the rails, these lat. 
ter contact atms will assume their lower positions, 


35. If the train is moving in a clear block, the relay A, — 
Fig. 16, being tuned to 180 code, will then pick up the contact 
arms mand a, Current will then flow from the wire B32 of © 
the generator contact arm #, contact and wire AZ to the greet, 
light in the cab, then back to the generator through wire NAJ, 
contact arm-n, and wire c. This gives the engineer a clear cab.” 
indication. A tap is taken off wire AZ and from this wire the _ 
current passes through the contact 4/1 and arm s of acknowledg- 
ing relay RP to one arm of the reset switch and to one arm of | 

the acknowledging switch to the electric-pneumatic valve H, 
then through wire NH, contact arm ¢ and contact NA1 of 
the acknowledging relay RP, to the wire NA2. This circuit. 
keeps the valve H energized on a clear light and keeps the brake 


from applying. 


36, It will be assumed next ‘that the train approaches an 
approach restricting block where a 120-code current: will b 
put in the rails, The contact arms a and », Fig. 16, of relay A 
will now assume their lower This will . out tl 
green Light and will also 
relay R, | being tuned to al 
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arms p and o into the position shown by the dotted lines. The 
current then passes through the wire #32, contact arm m of 
relay <f to the contact arm a@ of relay A, through the wire RY, 
shown by the dotted line, to the approach restricting light, thence 
back through wire NR, contact arm p of relay & and contact 
arm # to wire ¢ of the generator, 

With the electropneumatic valve deenergized on the change 
of cab indications, this valve must be energized within 6 sec- 
onds, otherwise the brakes will apply. The engineer acknowl. 
edges by operating an acknowledging switch and thus picking 
up the arms sand ¢ of the acknowledging relay RP, thereby ener- 
gizing the electropneumatic valve. The following circuit is then 
made: From wire B32, arm 9 of the relay RP, wire H2 to one 
arm of the reset switch, one arm of the acknowledging switch, 
the electropneumatic valve, and thence through wire NH, con- — 
tact #, and wire ¢ to the generator. With the electropneumatic 
valve energized, the brakes are prevented from applying. 


37. If the train enters an approach block, the 80 code. 
becomes effective. It has already been stated that the contact 
arms q and rof the L relay remain in their upper positions with 
any code. However, the contact arms of the R relay drop down. 
on the 80 code; the contact arms of the A relay are already down, 

The current from the headlight generator passes through — 
wire B32, the contact arms m and oof the A and R relays, and 
the contact arm q of the L relay, thence through wire LJ to the 
approach light, The current then passes through the wire NL. 
and the contact arms 7, ~, and m to wire ¢ and the generator, | 
When entering an approach block, the contacts s and f that were _ 
previously pulled up by the operation of the acknowledging 
switch, drop down and deenergize the electropneumatic valve. _ 
~ These contacts: shee be pete ae ‘again on the a inh ab 
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heeanes more restrictive, this then requiring acknowledgement 
on each change. The above will be explained when the acknowl- 
edging circuits are taken up later. 


38. It is next assumed that the train approaches a caution 
slow-speed signal; as already explained, there is now no current 
in the rails. The contact arms g and r of the L relay now drap, 
and the current from the generator will pass through the upper 
arms m, o, and g of the respective relays ; thence through wire SJ 
to the caution slow-speed cab indication, thence through the 
wire VS and through the contact arms 7, p, and » to wire c, and 
the generator. The contact arms s and ¢ drop down as before 
and they must be picked up by the acknowledging circuit in order 
to reenergize the electropneumatic valve that was deenergized 
whet these arms dropped on the change of cab indications. 


39, Acknowledging Circuit——A detached diagram of the 
acknowledging circuit is shown in Fig. 17. The stick relays are 
shown at SP, LP, and RP, This type of relay is so arranged 
that the contacts once picked up will remain up, even after the - 
pick-up circuit is opened. It must be remembered that each 


change of cab indication to a more restrictive condition must be 
-. . acknowledged, otherwise the electropneumatic valve will remain 


tor. This circuit causes 


deenergized and the brakes will automatically apply. 

If the cab indication changes from a clear to an approach- 
restricting, this causes the relay Ato drop its contact arms, and 
the relay J¢ to lift its contact arms to an upper position, although 
here shown down, The engineer now closes his acknowledging 

switch and completes a circuit from B32 of the headlight genera- 
tor to the upper contact arm of relay 4, through wire 42, to the 
. cantact arm of the pneumatic relay and the acknowledging switch 
_. to wire SP, relay coil S. PI of the telay SP to-wire NA2 and the — 

lower contact arm of relay A to: ire C of the headlight genera- 
hee contact arms ee 
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This in turn completes another circuit from tap 2, through the 
lower contact arm of relay LP to coil RP2 and to wire NA2, 
then back to the generator as before. This circuit causes the 
relay KP to move its contact arms to their upper position. 

A stick circuit is now completed from B32, upper contact arm 
of relay A to upper contact arm of relay , which is now in its 
upper position, to wire R1, upper contact arm of relay RP, 
coil RPI to wire NA2 and back to the generator. This circuit 
keeps the relay RP from dropping its contact arms, when the 
acknowledging circuit is broken after acknowledging. 

When the engineer opens his acknowledging switch the relays 
SP and LP drop their contact arms into their lower positions, ° 
A circuit is now completed from the generator to the electro- 
pneumatic valve by the middle and the lower contact arms of 
relay RP as previously shown in Fig. 16, and reenergizes the 
valve. 

The foregoing shows that the three relays pick up their con- 
tact arms when the acknowledging circuit is closed, and that two 
of them drop their contact arms when the circuit is opened, the 
contact arms of the other relay being held up by the stick circuit, 


40. It is next assumed that the cah indication changes 
from an approach restrictive to an approach light, The relay R, 
Fig. 17, now drops its coritact arms and opens the stick circuit’ 
of relay RP, it being noted that this circuit was completed 
through the upper contact arm of relay R. The breaking of 
the stick circuit deenergizes relay RP and permits its contact 
arms to drop, thereby deenergizing the electropneumatic valve. 

The engineer again closes his acknowledging switch, and in so 
doing completes the circuit through relay SP as before. This 
in turn completes the circuit through all the acknowledging 
relays as before, and picks up 2 all of the contact arms of those 
relays. A stick circuit is now completed from B32, upper con- 
tact arms of relays A, Rk and L, the upper contact arm of 
relay LP, coil LP1, wire : 
generator. The stick circuit 
in their upper position, eve 
open, The stick circuit of 


the contact arms of relay EP : 
: acknowledging switch 13 
completed as before. 


id thence to wire C of the | . : 
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The foregoing may be summarized by stating that two of the 
acknowledging relays hold their contact arms in their upper posi- 
tion, and the other relay drops its arms. 

The magnet valve is energized through the middle and lower 
contact arms of relay AP as before, and thus prevents the brakes 
from applying. 


41. Next it is assumed that the cab indication changes fram 
an approach to a caution slow-speed light. In this case relay L 
is deenergized and its contact arms drap into their lawer posi- 
tions, The stick circuit through contact L1 is now broken, and 
the acknowledging relay LP drops its contact arms; this in turn 
breaks the stick circuit of relay RP, causing its contact arms 
to drop. This latter action deenergizes the magnet valve, which 
must be now reenergized to prevent an automatic brake appli- 
cation, i 

When the acknowledging switch is closed, the relays SP, LP, | 
and RP are energized through the same circuit as before, thus ~ 
picking up their contact arms. A stick circuit is now established 
from B32, through the upper contact arms of the relays A, R 
and £, wire $7, upper contact arm of the relay SP, coil SP7 and 
wire NA2Z and hack to the generator. The stick circuits o 
relays LP and RP. ate now completed as before. This can he- 
summarized by stating that the contact arms of all three acknowl. 
edging relays are held in their upper positions. The magnet: 
valve is now energized through the middle and lower contact | 
arms of relay RP. 


42. Reset Circuit.If the brakes are applied automatically. 
owing to the failure of the engineer to acknowledge a mor 
restrictive signal, the train will stop because the brakes cannot 
be released until the reset switch is operated. The switch is sa 
located that the engineer must descend to the. ground in orde 
fo operate it, “This circuit is taken from a tap 3 on the 
wire, Fig. 17, through on the reset switch to wire SF 
coil SPL, and wite NA2- C of the headlight gener 1 
This circuit energizes. all cknowledging relays, and cou 
pletes the cireuit from the headlight generator to the eet 
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valve and permits him to release the brakes. The reset-switch 
circuit merely by-passes or short-circuits the pneumatic relay 
and the acknowledging switch. 

. When the relay 4 is deenergized, the magnet valve is deener- 
gized owing to the circuit being established through the contact 
arms in their upper position. A circuit is now made at A and 
all acknowledging relays are picked up when the acknowledging 
switch is closed. Also,:a stick circuit is made that energizes 
the relay RP. When the acknowledging switch is opened, the 
relays SP and LP drop; a stick circuit, however, keeps relay 
FAP and the magnet valve energized. 

When relay R drops its contact arms, the stick circuit is 
broken, and the magnet valve is deenergized. The acknowledg- 
ing circuit then picks up all relays as before and thereby estab- 
lishes a stick circuit that energizes relays RP and LP. When 
the acknowledging switch is open, the relay SP drops and the 
other two stay up. When relay L is deenergized, stick circuits 
through relays LP and RP are broken, and they drop their con- 
tact arms; this deenergizes the magnet valve again. Closing the 
acknowledging switch lifts all contacts as before, and establishes 
three stick circuits. Opening the acknowledging switch has no 
effect ; all contacts stay up. 


REVERSE OPERATION 


43. It should be noted that the track receiver must be 
ahead of any set of wheels; that is, between the set of wheels 
and the leaving end of the block in order to prevent the enforce- 
ment of the low-speed limit. Therefore, an engine running, 
tender forwards, in the direction of traffic or with a portion of 


the train in advance of the engine. will. be required. to operate, 


under the low-speed limit. This is also true if the engine is run- 
ning forwards but in the reverse direction of traffic. Under 


either coridition, the track receiver. will be deprived of currentby 


the first set of wheels, th 
change to a low light. 


causing the cab indication to 
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GENERAL RAILWAY SIGNAL COMPANY'S INTERMITTENT 
TRAIN CONTROL 


WAYSIDE CIRCUITS AND SIGNAL CIRCUITS 


44, Relation Between Circuits.-With intermittent train 
control, alternating current is not required in the rails to con- 
trol the action of the engine equipment. The relation between 
the signal system and the wayside train-control equipment is 
shown in Fig, 18. An inductor is placed at the end of each 
block. This inductor is merely a har of iron wound with a few 
turns of wire, known as a choke coil, so arranged that the ends 
of these wires may or may not, depending on conditions, be 
commected by a contact controlled by the signal system. In a 
clear block, the operation of the signal circuit is such as to close 
the contact as shown; in a caution or an occupied block the con- 
tacts are open. When the receiver on the locomotive passes an 
inductor with its contact closed, the locomotive equipment is not 
affected; hawever, when the contact is open the passage of a 
receiver over an inductor will result in‘the opening of a relay | 
on the locamotive. The opening of this relay will result in the 
operation of the pneumatic equipment and in an application of 
the brake. Suitable means is provided to keep the relay closed, — 
thus permitting an engine to pass over an inductor with its con- 
tact open without the brakes going on. 


45. The receiver is merely an electromagnet magnetized by _ 
the current from the headlight generator and the inductor may _ 
be compared te the bar of an ordinary magnet. When the bar 
of an ordinary magnet is held close to the poles of its magnet, 
it is assumed that lines of force pass from the north pole of the. 
magnet through the bar to the south pole and back through th 
magnet to the north pole. With the bar wound with wire and 
the ends not connected, if the bar is moved nearer to the mag- 
net, the lines of force will increase at once. If the ends of the 
- wire are joined arid the har is moved the same as before, the line 

af force will increase the same amount as before but it w 
ire longer time, It is t lay in the building up of) 
fines of force that permits the teceiver to pass Over ¢ an in 
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with the contact closed, without alfecting the engine equipment, 
With the contact open, the building up of the lines of farce 
occurs more rapidly, and the engine equipment is affected. 


LOCOMOTIVE CIRCUITS 
46. Normal Circuits.—In Fig. 19 is shown a diagram of 
the locomotive cirenits with the engine between signals. Under 
this condition, all three relays R17, A2, and R3 are energized from 
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or 7, wite P2, contact 1, wire S1, the secondary coil S of the’ 
receiver, relay coil RJ, the ballast lamps, and primary coil P of 
the receiver to wire C. Relay R2 is energized through wire B32, 
contact 3, wire P3, contacts 6 or 7, wire PZ, contact 2, and 
coil R2 to wire C, Relay R? is energized through wire B32, 
contact 3, wire P3, contacts 6 or 7, wire P2, relay coil R3, the 
ballast lamps, and the primary coil P of the receiver to wire C. 


Q Ballast Lamps 


ee 
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47. Circuits After Passing Open Inductor Without 
Acknowledging —In Fig. 20 is shown the circuits when the 
“engine passes over an open inductor and the engineer fails to _ 
operate the acknowledging contactor. In this case an electro- 
motive force momentarily induced in coil S is opposed to the | 
electromotive force of the generator. This results in sufficient — 
decrease in the current thro lay RI to cause the co 
tacts 1 and 2 to open. It oted that the circuit of 
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relay RT was made through contact 1, therefore this relay would 
uot be reenergized after the inductor is passed. The relay R2 
is also deenergized when contact 2 opens; this in turn causes 
contact 3 to open and contacts 4 and 3 to close. The opening of 
contact 3 causes relay AS to be deenergized, and its contacts 6 
and 7 will open ; this results in the electropneumatic valve being 
deenergized, An application of the brakes will follow, 


Batlast  Laboups 
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48, Reset Circwit.—The reset contactor is. so placed that 
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primary coil P of the receiver to wire C. This circuit reener- 
gizes relay A3, and causes contacts 6 and 7 to close. Another 
circuit is also made through wire B32, contacts 9 and 10, coil 
of relay R71, the ballast lamps, the primary coil P, and wire C. 
This circuit reenergizes relay RZ and closes contacts 1 and 2. 
The relay A2 is reenergized hy a circuit through contact 10, con- 
tact 2, and the coil of relay R2 to wire C. After all the relays 
are in their normal position, the reset contactor is returned to 
its normal position, thereby closing contact &. The electropneu- 
matic valve is now energized through the contacts of relays R2 
and #3 and contact 8, as already explained. 

It should be noted that two operations are necessary to ener- 
gize the electropneumatic valve: (1) the reset contactor must 
be placed in reset position so as to energize the relays; (2) the 
contactor must then be returned to normal position so as to per- 
mit the contacts of the relays to make a circuit through the elec- 
tropneumatic valve. Hence, if the reset contactor is kept in 
reset position, the electropneumatic valve will not be energized. 


49, Circuits When Passing Open Inductor, Acknowledging 

. Contactor Closed.—In Fig. 22 is shown the locomotive cir- 

euits when the engine passes over an open inductor with the 

acknowledging contactor in acknowledging position as it should 

be, This position prevents the electropneumatic valve from 
being deenergized, hence the brakes will not be applied. 

With the contacts X and Y of the acknowledging contactor 
closed, a ‘circuit will be completed through wire B32, the whistle 
valve H’, contact. X, contact 6 or 7, wire P2, coil of relay R3, 
ballast lamps, primary P of the receiver, and wire C. This 
forms a circuit through the coil of relay R3 independent of the 
contacts of the other two relays as shown in Fig. 22. With the 

relay R3 ener glee, the sleienenetnet valve will also be ener- 
_gived. 
_ Bowers, the ciretti 
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The action just explained occurs before the engine reaches, 
the inductar; as soon as the receiver is over the inductor, the 
whistle will blow. The reason is as follows: With the receiver 
over the inductor, the contacts J and 2 of relay R7 and the con» 
tacts 3, #, and 5 of relay R2 will drop, as already explained in 
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Arte 4g, With contact. 3 open, the short circuit. around the 
whistle valve is broken, therefore the whistle blows. When th 
receiver leaves the inductor the relay R/ is energized by a cy 
rent through wite B32, the whistle valve, contact .X, conta: 
6 or 7, contacts # and 5 contact ¥, wire S17, secondary coil 

the ballast lamps, primary coi 


of the receiver, coil-of rela 
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of the receiver, and wire C. As soon as the relay RZ picks up 
its contacts, relay K2 will be energized and will in turn pick up 
its contacts 3, 74, and 5, With the contact 3 picked up, the short 
circuit around the whistle valve is again completed and the 
whistle will stop blowing. 

The acknowledging contactor must not be held closed for more 
than 15 seconds. If it is, the contact 7 will be opened by a 
clockwork arrangement and the circuit to the electropneumatic 
valve will be broken, 


UNION SWITCH AND SIGNAL COMPANY'S PNEUMATIC 
EQUIPMENTS 


EQUIPMENTS FOR CONTINUOUS TRAIN CONTROL 
WITH ELECTRICAL ACKNOWLEDGEMENT 

50. Parts of Equipment——The pneumatic apparatus for a 
train-control equipment requires the addition of certain parts to 
the existing ET or AI locomotive brake equipments, These 
parts are so interconnected with these equipments that the brakes 
will be applied should. the engineer neglect to act in accordance 
with the cab signal indications. The brake valve has been rede- 
signed in order to retain all of the features of the H6 valve and — 
also to secure the additional features necessary for the operation 
of the train control. The HS-2 brake valve, as it is called, is 
shown in Fig, 23, and contains a brake application valve, a cut- 
off valve, a vent valve, two rotary valves, and an equalizing 
piston. 

Excluding the brake valve, the parts of the Union: Switch. 
and Signal Company’s pneumatic equipment for an automatic 
stop comprises a governor magnet, a timing valve, and a split 
reduction valve. The split reduction valve (Fig. 24) may or may 
not be used, according to moeien a continuous or a split tad 


tion is desired. 


control comprises all of the 
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the former the operation of the equipment is suppressed by the 
acknowledging switch; a speed-control system is suppressed 
under the low-speed limit by the acknowledging switch, and 
above the low-speed limit by making a reduction of a specified 
amount. This latter action requires the use of @ suppression 


Fic, 23 


valve and a reduction-insuring valve. These two valves, with  _ 
the exception of the tension of their springs, are alike, See.’ 
Fig. 25. Wa 
The purpose of the magnet valve when energized is to pre- 
vent the train control from cutting in by keeping the timing valve. 
up, thereby causing the application valve to remain in normal | 
position; also, when energized it permits the brakes to be 
released. Its purpose when deenergized is to cause the train 
control to cut in unless acknowledgement is made with an auto- 


AUTOMATIC TRAIN CONTROL 45 


matic-stop equipment or the proper acknowledgement or sup- 
pression is made with a speed-control equipment. 


Fic, 24 


The explanation of the pneumatic equipment will deal only 
with the action of the train-control apparatus, In this connec- 
tion it will be necessary to assume that the engineer does not 
take the proper steps to prevent the eat 
train-control equipment from cut- 
ting in. However, it must be under- 
stood that the required action to pre- 
vent the operation of the train con- 
trol must be taken in all cases; its 
operation indicates either neglect on 
the part of the engineer or his inabil- 
_ ity to operate the brakes, provided, 
of course, the equipment is in good 
condition, It is assumed that the 
reader is already familiar with the 
operation of the No. 6 ET locomo- 
tive brake equipment, and therefore A 
understands the effect of each posi- 
tion of the brake valve. on 


valve. 
B04 


* 


operation of ‘he dist buting 


To Appl. 


Cylinder 
Warning Port (oy @), 
Lo ars 
2 oy To Dist 
To Vent Valve} Valve Release 


Pipe 


To Feed Valve 


Plug B \ 


Ce To Chamber D 


Emergency 


na ot ee ie 
mse 


ae Brake Pipe Exhaust 
ele : 
ince ae YO To Brake Pipe 
cs \ \ <~ To Governor 
\ \ bow Pressure To; py 
: ee a: 


ed 


ey 


@ aS 5 
f * ¥ 2\ LN 
if Port in Rotary Valve Seat z al i) 
== ‘Passage Connecting Ports in Rotary Valve Seat J : A) 


—— Port Through Rotary Valve 
—--— Port or Cavity in Interior of Rotary Valve 


-~--- Port or Cavity in Face of Rotary Valve 
Fie. 27 


_ re, 26, 


AUTOMATIC TRAIN CONTROL 4? 


Thus in full release position of the automatic brake valve, the 
brakes on the train are released and the locomotive brake is held 
applied. In running position, the locomotive brake is released ; 
if desired to hold the locomotive brake applied longer than it is 
possible to keep the brake valve in full release position, then 
holding position is used instead of running position. In ser- 
vice position, the brakes are applied gradually; in emergency 
position the brakes are applied fully in a very short time. In 
lap position the brakes are held applied between service redtc- 
tions. 


52. Rotary Valves and Seats.—A view looking down © 
through the lower rotary valve from the top is given in Fig, 26, 
and in Fig. 27 is shown a view of the lower rotary valve seat. 

In full release position main-reservoir air passes through 
port @ in the rotary valve to the port in the rotary valve seat that 
leads to’ the brake pipe; also, this air passes through port j in 
the rotary valve to the port in the seat that leads to chamber D 
and the equalizing reservoir. Main reservoir air passes through 
port s in the rotary valve to the governor in this as well as in 
running and holding positions, and the warning port is in com- 
munication with a port in the rotary valve seat that leads to 
the feed valve. 

In running position, cavity f in the rotary valve connects the 
port in the rotary valve seat marked to feed valve to the port 
in the seat marked to brake pipe. Also, the air from the feed-_ 
valve port passes through passage n and port # in the rotary 
valve to the port in the rotary valve seat that leads to chamber D. 
The port in the seat that leads to the distributing-valve release 
pipe is connected through port and passage hin the rotary valve 
to the emergency exhaust. 

Holding position is similar to running position, except that 
port 4 no longer connects with the port to the release pipe. 

In service position, port e in the rotary valve registers with 
the ae in the seat that leads to chamber D. Port ¢ is restricted 
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to the emergency exhaust. Main-reser voir air passes through 
port j in the rotary valve to the sanding port, to the port in the 
seat that leads to the feed-valve port, and thence by way of the 
groove k to the ports in the seat that lead to the vent valve and 
to the application cylinder pipe. Chamber D and the equalizing 
reservoir vent to the emergency exhaust through pott t: 

If the reader wishes to verify the foregoing port connections, 
it is only necessary to trace Figs. 26 and 27 on tracing cloth and 


RE CASE 
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then lay the rotary valve on its seat. The tracing of the rotary... 
valve must not be turned upside down, because Fig. 26 is a top. 
view. 


53. In Fig. 28 is shown a view of the upper rotary valve. 
seat as it would appear if the brake valve were viewed from the. : 
top with the ports marked to correspond to the. diagrammatic a 

_views. The face of the upper rotary valve comes uppermost; 
hence, with the brake valve viewed from the top, the rotary valv: 
will appear as in Fig. 29. The cavity @ is filled with an oil- 
saturated. wick, eae we 
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In release position, cavity d in the rotary valve and passages 
e and f connect ports 5 and 27 to the exhaust port AT; also, 
cavity ¢ connects port 27 to port AT. 
In running position, cavity 6 connects ports 78 and 19, cav- 
ity d and passages e and f connect ports 5 and 27 to port AT, 
’ cavity c connects port 17 to port AT. 
In holding position the port connections are the same as in 


running position. 


Fre. 29 


In lap position, the square cavity in the rotary valve that leads 
_ into the central cavity of the valve, connects the small projection 
in the groove stirrounding port 19 to a similar projection in the 
central cavity in the rotary valve seat. Should the rotary valve 
leak, the above connection insures that main-reservoir air does 
not leak into the suppression. limiting port 19 in lap position. 
The air will pass, instead, around the rotary valve key, which 
has-clearance, thence through the passage shown dotted to 
port AT and to the atmosphere. Any increase in the pressure 
in pipe 19 duting a train-control suppression would reduce the 
amount of the- reduction necessary to suppress permanently a 
train-control application. oe 

In service position, cavity 6 con eels pott 18 to port 27, and : 
o cavity d. connects port . 17 to sh -aempephare. eee 
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In emergency position, cavity @ connects ports 5 and 27 to 
port AT, 

These port connections can be verified by tracing the rotary 
valve and then, without inverting it, place it on a tracing of 
the seat. 

The port marked oil is drilled through to the outside periph- 
ery of the seat to allow main-reservoir air that is present around 
the periphery of the rotary valve seat to enter the oil cavity in 
the rotary valve in all positions 
and thus reduce friction to a 
minimum. 

The rotary valve key is shown 
in Fig, 30. The back of the 
upper rotary valve rests on the 
collar a, and a pin in this valve fits 
in the hole b, thereby insuring that 
the rotary valve is placed in its 
proper position on the key. The 
rectangular portion ¢ rests be- 
tween four wings on the lower 
rotary valve; a pin in the valve 
fits in the holed, A spiral spring 
in the hole ¢ holds the rotary valve 
to its seat; an oil hole is shown. 
at f, A pin in the brake-valve 
handle in combination with the 
groove g prevents the handle from 
being applied to the rotary-valve 
key in the wrong position. 


EQUIPMENT FOR AUTOMATIC STOP WITH CONTINUOUS 

LIMITED REDUCTION es 

54, Manual Operation—In Fig. 31 is shown a diagram. 

matic view of the pneumatic equipment of an automatic-stop: 
system of continuous train control, With the exception of the 
automatic brake valve, the other parts of the locomotive brak 
equipment are not shown. The equipment is shown in norma 
position with the magnet valve energized and the brake valve i 
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running position. With such a system, as already explained, 
the engineer must acknowledge the cab indication when it 
changes to a more restrictive condition, otherwise the brakes will 
he applied automatically. 

Under ordinary conditions the HS-2 brake valve is operated 
in the same manner and performs the same functions as the 
H6 brake valve. Thus, the brakes on the locomotive and the 
train are applied by moving the handle of the brake valve to 
service position, and are held applied by going to lap position. 
The brakes on the train are released and the brake on the loco- 
motive is held applied by going to release position, and the loco- 
motive brake is released in running position. 

The manual operation of the brake valve is in no way inter- 
fered with by the train-control apparatus; the various devices 
that make up this apparatus act independently of the brake valve 
when the change in cab indications is not properly observed, 


55. Running Position—In running position, air passes 
from the feed valve through pipe 9, Fig. 31, thence by way of 
passage 18, passage a, the cut-off valve, passage 13, and the 
double-heading cock to the brake pipe. The air from the brake 
pipe passes through passage 13 and charges the chamber beneath 
the equalizing piston. From passage 18, the air passes to pas- 
sage 21, thence by way of the slide valve b of the automatic 
application valve and passage & to the equalizing reservoir and 
chamber D. The air from passage a also passes through pas- 
sage 18” and thence by way of the slide valve b to passage 11, 
and the outer end of the cut-off valve... The pressure in the 
spring chamber of the cut-off valve combined with the tension 
of the spring keeps. the valve open as shown, thereby establish- 
ing communication between the feed-valve pipe and. the brake 
pipe, as already explained. Air from the main reservoir passes — 
through passage MR to chamber 6 of the automatic application 7 


valve and, feeding through the small port c in the application 


piston, charges pipe 10 and th ‘Op : chamber in the timing valve: 


A pipe from the reducing valve of the independent brake valve 


_ conveys. air ata pressure of 


is now assumed to be energiz The air Ce Te by. the 


sto the magnet valve, which / 
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lower valve d, which is held down when the magnet valve is 
energized, up by the fluted body of the valve to passage e, and 
charges the timing reservoir, The air aiso passes under the 
piston of the timing valve and moves it to its upper position as 
shown. The lower valve f now closes the upper valve g, thereby 
breaking the communication between pipe 70, and passage h 
and the atmosphere. The reduction-limiting reservoir is con- 
nected by way of pipe 37 and the slide valve b to the atmosphere; 
this reservoir is also connected through pipe 17 and the apper 
or train-controf rotary valve to the atmosphere. The pneu- 
matic relay is connected through pipe 25 to the atmosphere at 1, 


56. Automatic-Stop Application—The magnet valve is 
deenergized when the cab indication changes to a more restric- 
tive condition; the whistle on the magnet valve portion then 
begins to blow. The engineer has now about 6 seconds to com- 
plete the acknowledgment, thereby energizing the magnet valve 
again and preventing a train-control application, otherwise the 
brakes will be applied automatically, 

After acknowledging, the engineer must next act promptly and 
reduce the speed of the train to a safe limit. If not, he becomes 
responsible for an accident, because the fact that the train is 
running at speed after passing a restrictive block indicates that 
he acknowledged and then failed to bring the train under con- 
trol. It will here be assumed, however, that the engineer neglects 
to acknowledge. In this event he is required to lap the brake 


valve as soon as the train control cuts in. When the magnet 


valve is deenergized, the air pressure of 60 pounds and the. 
spring shown moves the two valves d and i, Fig. 32, upwards. 
The valve d now cuts off the supply of air to the timing reser- 


voir and timing valve; the stem of valve i is fluted and permits ae 
the air in the timing reservoir and beneath the timing-valve pis- 
ton to pass through passages ¢ and j to the whistle. It requires — 


about 6 seconds for the pressure in the timing reservoir ta reduce 
to 15 pounds; the spring then seats the piston in the timing 
valve; the upper valve g now opens» and permits the air in’ 
pipe 10 to escape tye grotnge: iin the timing valve to. the 
atmosphere, S 


if aemanual reduction was m 
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With the pipe 10 open through passage A, the pressure in 
chamber & reduces, the main-reservoir pressure in chamber 6 
then forces the piston to application position as shown, The 
air in the equalizing reservoir now passes through passage 8, 
a cavity in the slide valve b, and a restricted port m, to pipe 37 
and the reduction-limiting reservoir. With the brake valve 
lapped, the air cannot pass through pipe 17 to the atmosphere 
at the train-control rotary valve as would be the case if the brake 
valve were left in running position. The reduction-limiting 
reservoir is of such a size that the pressure in the equalizing 
reservoir will reduce about 22 pounds with a brake-pipe pres- 
sure of 70 pounds. The equalizing piston will rise as soon as 
the pressure begins to reduce in the equalizing reservoir, and 
the brake-pipe discharge valve will remain unseated until the 
reduction in brake-pipe pressure through passage 16 and the 
choke shown approximates the reduction in the equalizing-reser- 
voir pressure. 


57. The brake-pipe air in passage BP, Fig. 32, passes 
through a cavity in the slide valve b to pipe 25 and the pneu- 
matic relay. This opens the relay and hence breaks the acknowl- 
edging circuit. With this circuit broken, the magnet valve, as 
explained farther on, cannot be energized and the brakes released 
until after the train has stopped. Therefore, the purpose of the 
pneumatic relay is to prevent acknowledgment that would defeat 
the proper action of the train-control equipment. 

The spring chamber of the cut-off valve is connected through 
passage 17 to the atmosphere at the automatic-application valve, 
The cut-off valve is then moved to the position shown by the 
brake-pipe pressure in the interior of the valve and breaks the 
connection between the feed valve and the brake pipe so that 
the brakes cannot be released until the cut-off valve returns to 
normal position. This does not occur until after the train stops, 

- The restricted port m is of such a size that a reduction is 

made in the equalizing-reservoir pressure at the same rate as 
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with this phase of operation. The vent valve only operates when 
the brake valve is placed in emergency position. Then the 
main-reservoir air between the two rotary valves passes to the 
chamber in front of the large head of the vent-valve piston and 
moves it to the right. Brake-pipe air that ts always on the spring 
side of the vent valve now escapes to the atmosphere at the 
exhaust port. 


58. Releasing After an Automatic Application.—When the 
train stops, the engineer descends to the ground and operates 
the reset switch. As explained in Art. 42, this action reenergizes 
the magnet valve, and the valves d and i, Fig. 31, are moved 
down, The air now passes by the valve d to the timing reservoir 
and below the timing-valve piston ; the piston is forced upwards, 
and the valve g closes. With this valve closed, the main-reser- 
voir air in chamber 6 passes through the small port ¢ in the appli- 
cation-valve piston to the pipe 10 until the pressures are about 
balanced on the piston, which is then returned to normal position 
by its spring, This action restores air to the outer end of the 
cut-off valve that will now be returned to normal position by its 
spring. When the brake valve is returned to release position, the 
brake pipe will recharge as already explained. The air in the 
reduction limiting reservoir is vented to the atmosphere through 
an exhaust port in the automatic application valve. The air in 
pipe 25 and the pneumatic relay also escapes through port 7, 
when the automatic application valve returns to normal position. 

Should the brake valve be left in running position when the 
train control cuts in, the air that enters the reduction-limiting - 
reservoir will escape through pipe 17 to the atmosphere through 


the upper rotary valve and the top exhaust port of the brake. 
valve, In this event the air in the equalizing reservoir will be. 


completely vented; this will result in a complete venting of ot 
brake-pipe air. . 

The upper rotary valve insures that the train will be stopped 
should the brake valve be left in running position when the train- 
control equipment cuts in. In such an event, the equalizing 
reservoir will be connected to the atmosphere as already stated; 
also, the rotary valve will connect the spring chamber of th 
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automatic application valve to the atmosphere. This latter con- 
nection prevents the automatic application valve from moving to 
release position and releasing the brakes if for any reason the 
air in pipe 10 fails to vent at the timing valve. 

The assumption is made that the reader is familiar with the 
action of the distributing valve in releasing the brake ; hence, this 
phase of operation has not been explained. The distributing- 
valve release pipe is connected to the brake valve at 2 and the 
application cylinder pipe at 2’. 


EQUIPMENT FOR AUTOMATIC STOP WITH SPLIT REDUCTION 


59, Automatic-Stop Application—The only difference 
between the pneumatic equipment shown in Fig, 31 and the one 
shown in application position in Fig. 33 is that the latter has a 
split-reduction valve. Instead of the total reduction being made 
continuously as already explained, the split-reduction valve 
makes an initial reduction of about 8 pounds, which is followed 
at a proper interval by another reduction of about 16 pounds. 
Splitting the reductions in this manner prevents harsh slack 
action in the train and causes the stop to be made more smoothly 
than otherwise. 

It will be assumed, as before, that the engineer fails to 
acknowledge a change of cab indications and permits the train- 
control equipment to operate. 

When the train control cuts in, owing to the magnet valve 
being deenergized, this valve, the timing valve, the cut-off valve, 
and the automatic-application valve operate in the same manner 
as already described. 

With the automatic-application valve in application position, 
the air from the equalizing reservoir and chamber D, Fig. 33, 
passes through passage 8, a cavity in the slide valve, and the 
restricted port m to pipe 37 and the first reduction reservoir, 
This flow of air is the same as before, except that the air dis- 
charges to the first and then to. the second reduction reservoir 
instead of to a sofietion- ving resstyolr, which is. therefore 
omitted. 


The first reduction reservoir is of such a-volume relative to 


the equalizing reservoir that, with the two connected, a reduction : 
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of from 7 to 8 pounds. based on an initial brake-pipe pressure 
of 70 pounds will be made in the pressure in the equalizing 
reservoir and in chamber D of the brake valve. The equalizing 
piston then lifts and the brake-pipe pressure reduces an equal 
amount through the service exhaust choke fitting. This choke 
restricts the discharge of air from the brake pipe, and a back 
pressure is set up that results in some of the air flowing through 
pipe 16 to chamber # of the control piston of the split- “reduction 
valve. 

The brake-pipe back pressure in chamber 1 of the large piston 
overcomes the brake-pipe pressure in chamber o of the smail pis- 
ton, and the control piston and its slide valve move to the posi- 
tion shown. The air from the brake-pipe passage BP in the 
brake valve will now pass through the slide valve b of the brake- 
application valve to pipe 25 and the pneumatic relay, also 
through the slide-valve of the control piston to the lock-up reser- _ 
voir. Also, the air in pipe J, at a pressure of 60 pounds, passes - 
by way of the slide valve to passage 404, thereby causing the 
hold-back piston # to move its slide valve to the position shown; 
in this position passage 40 is blanked and the connection 
between pipes 17 and 37, and, hence, between the first and sec- 
ond reduction reservoirs is broken. The air in passage 40d also. 
charges the first timing reservoir through a restricted port and 
pipe 40, but this reservoir only charges fully to 60 pounds with - 
very Jong trains. 


60. After the brake-pipe pressure has been reduced an 
amount about equal to the reduction that has been made in the 
equalizing reservoir, the equalizing piston moves down and seats. 
the brake-pipe discharge valve; the further discharge of brake: 
pipe air then stops. The air in pipe 16 and chamber # will con- 
tinue to escape at the restricted brake-pipe exhaust port until. 
the pressure has fallen to about 30 pounds, then the control pis- 
ton and its slide valve are returned to their normal positions 
Fig. 34, by the brake-pipe pressure in chamber o acting on the . 
small piston head. 

With. the control-piston slide: valve in. normal sobitiain 
ur in.chamber + and in the first it Hovlng reservoir negtins to d 


| reservoir charges fully to 6 
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charge to the atmosphere through pipe 40, passage 40.4, and 
the restricted orifice AT’. The holdback piston spring s, when 
compressed, has a tension of 15 pounds, hence, when the pres- 
sure in chamber ¢ and the first timing reservair reduces to about 
this amount, which requires from 7 to 17 seconds, depending on 
the pressure to which the timing reservoir was charged, the pis- 
ton and its valve move back quickly to normal position as shown. 
The air in the timing reservoir and chamber 7 also vents through 
the upper port AT in the split-reduction valve, 

The second reduction starts immediately because the normal 
position of the holdback slide valve connects pipe 37, the first 
reduction reservoir, and the equalizing reservoir to pipe 17 and 
the second reduction reservoir, and again reduces the pressure 
in the equalizing reservoir and chamber D, thereby starting 
another reduction in brake-pipe pressure. The volume of the 
second reduction reservoir is such as to reduce the pressure in 
the equalizing reservoir an additional 15 or 16 pounds, thus 
making 2 total reduction of from 22 to 24 pounds from 70 
ponds brake-pipe pressure. Correspondingly greater reduc- 
tions will be had with higher brake-pipe pressures. 

The air in the lock-up reservoir passes to chamber ¢ and com- 
bining with the pressure in chamber o, holds the control piston 
in the position shown against the brake-pipe back pressure that 
passes again to pipe 16 and chamber ». The control pistor 
- therefore cannot move on the second reduction and break the 
connection between the first and second reduction reservoirs, 


61. The time interval between the first discharge of air at’ 
the orifice AT’ and the return of the hold-back piston depends 
an the extent that the first timing reservoir has been charged, 
and this in turn is dependent on the length of time the control 
piston has been held over by the. pressure in chamber #. With 
» long trains, the pressure will be retained in this chamber longer 
than with short trains, the time. varying from 7 to 17 seconds, 
the latter time holdt i ng: trains, in which event the 


reductions is then equal to | 
stite in pipe 26 to 30 pounds. 
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seats plus the time required to reduce the pressure in chamber y 
and the first timing reservoir to 15 pounds. 

With the brake valve in running position, the equalizing resey- 
yoir and the first-reduction reservoir are connected by way of 
pipe 17 and the upper or the train-control rotary valve to the 
atmosphere. Therefore, unless the brake valve is lapped when 
the train control cuts in, the air in the equalizing reservoir will 
be completely vented, thereby draining the brake pipe. 


62. Releasing the Brakes,—The same procedure must be 
taken to release the brakes as already explained. 


EQUIPMENT FOR SPEED CONTROL WITH CONTINUOUS LIMITED 
REDUCTION 

63. Automatic Stop and Speed Control.—With an auto- 
matic-stop system of train control, it is possible by acknowledg- 
ing to continue at speed after entering a restrictive block. A. 
speed-control equipment requires a specified brake-pipe reduc- 
tion to be made when entering a restrictive block above the low- 
speed limit, otherwise the equipment will apply the brakes and 
prevent their release for 50 seconds to 1 minute. The suppres- 
sion of the equipment by a brake-pipe reduction requires a sup- 


pression valve and a reduction-insuring valve, However, at | 


speeds under the low-speed limit, the operation of a speed-con- 
trol equipment can be prevented by acknowledging when the cab 
indication changes from a high to a low light. 


64. Charging.—lIt is only necessary to consider the reduc- 
tion-insuring valve and the suppression valve when taking up 
the charging of the speed-control equipment shown in Fig. 35. 
Otherwise, the equipment charges in the same manner as the 
one shown in Fig. 31. Chamber @ of the reduction-i -insuring 
valve, Fig. 35, and the suppression reservoir charge from the 
feed valve through pipe 19, a passage in the train control rotary: 


. valve, passage 18, and pipe 9: the spring chamber of this valve : 


charges from. the brake pipe through pipe 73. Therefore, the © 
piston &, owing to the spring pressure, remains in the position : 
shown; the valve c now prevents the escape of air from the 
Spring chamber, and the valve d has the timing reservoir, cham- 
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ber e of the suppression valve, and pipe 27 open to the atmos- 
phere at the port AT in the reduction-insuring valve. 

The spring chamber of the suppression valve and the pneu- 
matic relay are open through pipe 25, the slide valve of the auto- 
matic-application valve, and passage 7 to the atmosphere. The 
stop reservoir is connected through the open valve f of the sup- 
pression valve to pipe 5, which in turn is connected to the atmos- 
phere at the train-control rotary valve. Also, the stop reser- 
voir is connected through pipe 5 to the atmosphere at the 
_ port AT in the timing valve. 


65. Automatic Speed-Control Application.—In Fig, 36 are 
shown the positions. the parts of a speed-control equipment 
assume when the proper steps have not been taken to prevent 
the equipment from operating. It is assumed that the engineer 
laps the brake valve at the time the application begins. The 
eqtipment shqwn is arranged for a continuous limited reduction. 

When the magnet valve is deenergized, the timing valve, the 
automatic-application valve and the cut-off valve operate as 
already explained. That is, when the piston in the timing valve 
moves down, owing to the venting of the air from the timing 
reservoir to the whistle, the upper valve g in the timing valve 
unseats, thereby connecting chamber h, the supply reservoir, 
and pipe 10 through pipe 5 and by the unseated valve f in the 
suppression valve to the stop reservoir. The reduction that now 
occurs in the pressure in pipe 70 and chamber h causes the main 
reservoir pressure in chamber 6 to move the application-valve 
piston to service position as shown, With the slide valve in 
application position, the air in the equalizing reservoir passes 
through passage 8, a cavity in the valve, and thence through a 
restricted port m to the reduction-limiting reservoir. . This reser- 
voir is of such a size as to reduce the pressure in the equalizing 
resetvoir about 22 pounds; the pressure in the brake pipe then 
reduces an equal amount. 


66. With the slide valve of the automatic application valve 
in application position, Fig. 36, the air in the spring chamber 


of the cut-off valve escapes, as before, through passage 17 to 7 


_ the atmosphere; the valve is closed by brake-pipe pressure on 
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the opposite side. The brake-pipe air in passage BP passes to the 
pneumatic relay and, its contacts open, the air also passes to 
the spring chamber of the suppression valve. ‘With the acknowl ~ 
edging circuit broken by the pneumatic relay, the engineer is 
prevented from acknowledging until after the application valve 
returns to normal position. 

The main-reservoir air in chamber 6 passes through the small 
port in the piston and charges the supply reservoir, pipes 70 and 
5, and the stop reservoir until the pressure in these places 
becomes nearly equal to the pressure in chamber 6; the spring 
shown then forces the application-valve piston to normal posi- 
tion. This action is known as the kick-back and occurs in about 
50 seconds to 1 minute after the trai control cuts in if acknowl- 
edgment was not made during the 6 seconds delay time when 
above the low-speed limit. The kick-back will occur in 4 sec- 
onds after the low-speed limit is reached if acknowledgment was 
made during the 6 seconds delay time or between the time the 
magnet was deenergized until the automatic-application valve .. 
moved ta application position, The air in pipe 25 now escapes 
through the port AT of the application valve, thereby causing 
the pneumatic relay to close its contacts; also, the cut-off valve” 
opens owing to the admission of brake-pipe air to its spring 
chamber. By this time the train has stopped. 


67. The reason why the kick-back occurs within 4 seconds ’ 
after the low-speed limit is reached, provided acknowledgment’ 
was made during the 6 seconds delay time when above the low 
speed limit is that, as soon as the magnet valve is energized, the 
timing valve operates and closes the upper valve g, Fig. 3 
With pipe 10 cut off from the stop reservoir at the timing valve 
this pipe, the supply reservoir, and chamber / will charge suf 
ficiently in 4 seconds for the spring in the seal as 
valve to move the piston to release position. — 

The supptession valve and the reduction-insuring valve p 
form no particular functions during a speed-control application 

-- except ‘the following: The brake-pipe. pressure in pipe 25 4 
in the spring chamber of the suppression valve prevents. a 
: pressure that accumulates in.ct amber e above from. api 1 
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suppression valve; this prevents undesired suppression of the 
equipment. 

During a speed-control application some of the air that is 
exhausting from the brake pipe passes through pipes 16 and 27 
to chamber e of the suppression valve. The air then passes by 
the open valve d of the reduction-insuring valve, here shown 
closed, to the atmosphere until a reduction of 10 pounds has 
been made in brake-pipe pressure; the valve d then moves to 
closed position, Brake-pipe air in pipe 25 also passes to the 
chamber of the suppression valve; the spring then holds the pis- 
ton in the position shown, and prevents undesired suppression. 

The brake-pipe pressure in pipe 13 and in the spring cham- 
ber of the reduction-insuring valve gradually decreases as the 
brake-pipe discharge continues, until the pressure trapped in 
pipe 19, in the suppression reservoir, and in chamber a over- 
comes the air and spring pressures in the spring chamber. The 
piston & then moves forwards, and seats the valve d and unseats 
the valve c. The brake-pipe air in the spring chamber now 
passes by the valve c to pipe 27 and chamber ¢ of the suppres- 
sion valve. However, the combined air and spring pressures in 
the spring chamber of this valve prevent any movement of the 
piston. With the valve d closed, any air discharging from the 
brake pipe must now vent through the restricted choke at the 
brake valve. 


68. The train is always stopped when the train-control 
eqttipment cuts in, except under the condition explained in the 
next paragraph. This is necessary because the fact that the 
equipment cuts in may imply that the engineer is incapable of 
operating the brakes, 

Thus, if the engineer after having properly. acknowledged the 
change from a high to a low light is running in a low-speed 
block below the low-speed limit, an increase in the speed above 
this limit will not cause the equipment. to stop the train, pro- 
vided the brake valve is lapped at once. A reduction will be 


made just sufficient to reduce the speed to the low-speed limit, 


_ the magnet valve will then be reenergized, the application valve. 
will return to normal -Pasition, mes the brakes can | be released, 
: Eel : 
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69, Releasing the Brakes.—It has already been explained 
that the automatic-application valve returns to normal positien 
in about 1 minute after the tram control cuts in. Also, it has 
been explained that this action causes the cut-off valve to oper 
and also causes the pneumatic relay to close its contacts. There 
fore, after a train has been stopped by a train-control application, 
the brakes can be released by first operating the acknowledging 
switch, thereby energizing the magnet valve, and then following 
the usual procedure with the brake valve. If acknowledgement 
was made before the train control cuts in, no further action js 
necessary to obtain a release after the automatic-application 
valve returns to normal position, except to operate the brake 
valve, Uf the cab indication changes from a low to a high light 
at any time, the magnet valve then becomes energized and it is 
unnecessary to acknowledge before releasing. 

Tt will he noted that, with the cut-off valve open, the air from: 
the main reservoir ig free to pass to the brake pipe when the 
brake valve is placed in full-release position. 

With the acknowledgment already made, the magnet val 
will be automatically energized as soon as the speed has reduced 
to the low-speed limit. The engineer will be advised when thi 
magnet valve is energized, by a short blast of the whistle and. 
quick return of the hand of the train-control gauge to 60 pounds, 
It will be remembered that, with the acknowledgment already. 
made, the contacts of the acknowledging relay were picked up. 
before the circuit was broken by the pneumatic relay, 

If acknowledgment was not made before the train control cuts, 
in, then the acknowledging cireuit cannot be completed. b 
operating the acknowledging switch until the kick-back ‘ha 
exhausted the air from the pneumatic relay ; also, ‘the low-spee 
switch at the axle goyernor must be closed. 

Tf an attempt is made to release the brakes before the mag 

-yalve is energized, pipe 5, Fig. 36, will be opened to. the at 
phere: at the brake hve: thay vediing the  pressune in vip I 
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70. Suppressing the Train-Control Equipment.—At speeds 
above the low-speed limit, the operation of a speed-control equip- 
ment can be suppressed on a change from a high to a low light 
by making a brake-pipe reduction of a certain specified amount. 
This phase of operation requires the use of two valves, a sup- 
pression valve and a reduction-insuring valve. At speeds under 
the low-speed limit it is only necessary to operate the acknowl- 
edging switch to prevent the device from operating when the 
cab indication changes to caution; this action reenergizes the 
magnet valve. 7 

The term forestalling is used when the operation of the equip- 
ment is prevented by the acknowledging switch; the term sup- 
pression is used when the equipment is prevented ‘from operating 
by a brake-pipe reduction. 

The purpose of the suppression valve is to break the connec- 
tion between pipe 5, Fig. 37, and the stop reservoir, thereby pre- 
venting the train control from cutting in when making a manual 
suppression, The purpose of the reduction-insuring valve is to 
open the connection between pipe 5 and the stop reservoir unless 
a specified reduction has been made in brake-pipe pressure. 


71. A brake-pipe reduction of from 10 to 12 pounds. is 
required to suppress the operation of the train-control equip- 
ment, and this reduction must be started within 6 seconds after 
the whistle begins to blow. The timing-valve piston seats in 
6 seconds after the whistle starts blowing and the train control 
cuts in. 

When the cab indication changes from green to orange or 
‘from high to low, the governor-magnet valve and the timing 
valve operate as already explained, and the air in pipe 10, Fig. 37, 
passes to pipe J and thence for the instant by way of the unseated 


valve f in the suppression valve to the stop reservoir. With the oh 


_ brake valve in service position the equalizing reservoir and cham- 
ber D are connected through passage &, slide valve b, passage 21, 
and the rotary valve to the atmosphere at AT. Elowever, the. 

automatic brake application valve does not now operate as with: 

a speed-control application. 2 reason is as follows: The air 

a admitted from the bee Pipe Be way of the foul ee cock, 
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the cut-off valve, passage 78, the upper rotary valve, and pipe 27 
to chamber ¢ in the suppression valve, and from the brake-pipe 
exhaust through pipes 16 and 27 to chamber e, deflects the dia. - 
phragm j against the tension of the 20-pound spring and closes 
the valve /. With the flow of air from pipe 3 to the stop reser- 
voir interrupted at valve f, the air in the supply reservoir will 
compensate for the drop in pressure that occurs in pipe 10 when 
it vents to pipe 5, hence the piston of the brake-application valye 
will not move. The air in pipe 27 passes slowly through the 
é@inch choke tee, then past the open valve d of the reduction- 
insuring valve, here shown closed, to the exhaust port AT. This 
discharge continues until the brake-pipe pressure in pipe 13 and 
in the spring chamber of the reduction-insuring valve reduces 10 
or 12 pounds, then the air at brake-pipe pressure trapped in 
pipe 19 and the suppression reservoir will cause the piston b to 
close the valve d. The air in pipe 13 now passes by the valve. ¢:. 
to pipe 27 and chamber e, thereby insuring that the valve f i i 
the suppression valve is held closed. 


72. The foregoing shows that the device is suppressed b' 
cutting off the stop reservoir from pipe 5 at the suppressiar 
valve. The valve f, Fig. 37, must be closed about the time thi 
timing valve seats, otherwise the pressure in pipe 10 will be 
reduced enough to allow the brake-application piston to move 
The timing piston seats within 6 seconds after the air begins t 
discharge at the whistle, hence the application of the brakes must 
be ‘started within this time interval in order to suppress the 
device. 

The passage of air from the equalizing reservoir to th 
atmosphere and from the brake pipe to the brake-pipe exhau 
port during a suppression is similar to the passage of air 
~ other types of brake valves, such as the H6 and G6, and requi 
no explanation. 

‘Proper acknowledgment should be madé while-the spe 
above the low-speed. limit; low-speed cirenit will # 
complete, except at the axle governor.’ The citcuit will 
here wher the. speed réduces t low-speed limit, the: go 
magnet then. aes and. ake valve can be move 
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release position without reducing the pressure in pipes 10 and 5 
and causing the train control to cut in. 

Although it is not necessary to make acknowledgment while 
the speed is above the low-speed limit, it is desirable, because 
the engineer will be notified by a short blast of the audible signal 
and a quick return of the train-control gauge when the magnet 
ig energized by the speed reducing to the low-speed limit. 

The acknowledgment can be made at any time but it must be 
made before going to release position to prevent the train control 
from cutting in. 


73. Insufficient Reduction to Prevent Suppression.—If an 
insufficient brake-pipe reduction, or one less than 10 or 12 
pounds, is made, the operation of the train control cannot be 
suppressed and it will operate automatically. 

When the brake valve is placed in service position, air from 
the brake pipe passes through pipe 27 to chamber e, Fig. 37, of 
the suppression valve, as already described; the air exhausting 
from the brake pipe also passes through pipe 16 and the check 
valve to pipe 27, The valve f will then close as before and break 
the connection between pipe 5 and the stop reservoir. Pipe 27, 
however, is still open to the atmosphere at the exhaust port AT 
of the reduction-insuring valve through valve d, and to get this 
valve closed requires a reduction of over 10 potinds in the brake- 
pipe pressure in pipe 13 and in the spring chamber of the valve. 
The spring has a tension of 10 pounds, so, unless. a slightly 
greater reduction than this amount is made in the brake pipe, 
the brake-pipe pressure trapped in the suppression reservoir 
and chamber @ above the diaphragm in the reduction-insuring 
weve eatinot close ihe valve d. The vere then remains open . 


penne soit at the redt 
sure in we e wal bec 


to application 0 
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EQUIPMENT FOR SPEED CONTROL WITH SPLIT REDUCTIOW 


74, Operation.—In Fig. 38 is shown a diagrammatic view 
of the pneumatic equipment of a speed-control system with the 
split-reduction feature. With this exception, the operation of 
the equipment is similar to that shown in Fig. 37. 

An extended explanation of the operation of this equipment 
is unnecessary, Its operation when the train control cuts in is 
identical with that of the automatic-stop equipment shown in 
Fig. 33, 

When suppressing the operation of the equipment, the action 
that occurs is similar to that of the equipment shown in Fig. 37, 

75. Cutting-Out Equipment—All of the equipments 
described in the foregoing are cut out by breaking a seal and 
turning the handle of the cut-out cock at the application valve 
to closed position. This operation prevents the venting of air — 
from the spring chamber of the application-valve piston, hence. 
a train control application is prevented. . 


PURPOSE OF THE RESERVOIRS 


76. Stop Reservoir.—The purpose of the stop reservoir ig 
to delay the return of the brake-application valve to normal posi- 
tion during a train-control application until the reservoir charges: 
to about main-reservoir pressure through the ,-inch orifice in. 
the brake-application piston. It requires from 50 seconds to. 
1 minute for the reservoir to charge and this gives the train cone 
trol sufficient time to. make a full service application of the. 
brakes, The reservoir has a capacity of 800 cubic inches, 


77. Suppression Reservoir. ——The purpose of the suppres- 
sion reservoir is to add volume to pipe 19, Fig. 38, and the space 
above the diagram in the reduction-insuring valve, thereby in 
ing @ permanent suppression by overcoming any ete 
reservoir has a capacity of 525 cubic inches. 


78. Supply Reservoir—The purpose of the caput 6 reser 
voir is to add volume to pipe 10, Fig. 38, and thereby previ 
a train-control application when pipe 
- timing valve during ey absees The supply reservolr £0 


AUTOMATIC TRAIN CONTROL 67 


pensates for this sudden reduction in pressure in pipe 10 and 
therefore prevents the brake-application valve from moving to 
application position. The supply reservoir has a capacity of 
90 cubic inches, 


79. Blowdown Timing Reservoir—The air in the blow- 
down timing reservoir blows the whistle; also, it delays the tim- 
ing valve from moving down until about 6 seconds after the 
magnet valve is deenergized. This gives the enginemen time to 
take the proper action to prevent a train-control application. 
This reservoir is located in the casting of the timing-valve 
bracket. 


80, First and Second Reduction Reservoits.—The purpose 
of the first and second reduction reservoirs is to limit the amount 
of the reduction made during a train-control application. The 
first reduction reservoir has a capacity of 65 cubic inches and 
equalizes with the equalizing reservoir when an 8-pound reduc- 
tion is made in the latter. 

The second reduction reservoir has a capacity of 300 cubic 
inches and equalizes with the equalizing reservoir and the first 
reduction reservoir when a further reduction of 14 pounds is 
made in the equalizing reservoir. These figures are from an 
equalizing-reservoir pressure of 70 pounds and will be propor- 
tionately higher with higher pressures, 


81, Split-Reduction Timing Reservoir—The purpose of 
the split-reduction timing reservoir is to provide, in conjunc- 
tion with the split-reduction valve, the time interval between the 
first and second reductions during a train-control application 
of the brakes. This interval varies between 7 atid 17 seconds and 
is governed by the degree of pressure to which the reservoir has. 
been charged during the first reduction and the size of the 
restricted exhaust port through which the pressure must passto 
the atmosphere. The reservoir ‘ha: volume af 325 cubic inches, a 


82. Lock-Up Reservo 
reservoir ig to tock the < 
it returns to this positio 
the lock-up Teservott ae 


rpose of the Jock-up- 
| in normal position: when 
t reduction. The « 
beter the - 
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of the control piston and, assisted by the brake-pipe pressure 
on the opposite side of the small head, prevents the control pis- 
ton from being moved by the brake-pipe exhaust pressure on 
the face of the large head during the second reduction. The 
reservoir is in the split-reduction valve bracket. 


83. Timing Reservoir.—The timing reservoir adds volume 
to pipe 27, Pig. 38, and thereby permits the 10- or 12-pound 
reduction required to secure stippression to be split into two 
reductions if so desired. 

Lf it were not for the air in this reservoir the suppression 

valve would open pipe 5 to the stop reservoir immediately as 
the brake valve was lapped after the first reduction, and the 
train control would cut in. The air in the reservoir delays the 
action of the train control for a few seconds after the brake- 
pipe exhaust of the first reduction ceases, thus giving time to 
start the second reduction. 

Tt must be remembered that pipe 27, the timing reservoir, 
and the diaphragm chamber of the suppression valve are open 
to the atmosphere at the reduction-insuring valve until a 10- or. 
12-pound reduction hag been made. Therefore, even with 
long trains the interval between the reductions must not be. 
delayed too long if a train-control application is to be avoided, 


PURPOSE OF THE CHECK-VALVES 


84. Ball Check-Valve in Pipe 5.—Reference should be... 
made to Fig, 38 when the purpose of the check-valves is being 
studied, The purpose of the {-inch ball check-valve a in piped 
is to permit a quick recharge of pipe 10 when the magnet valve 
is energized. When the magnet valve energizes, the timing 
- valve moves up and cuts off pipe 70 from pipe 5 and conne 

pipe J and the stop reservoir to the atmosphere. The pipe ve 
will charge in about 4 seconds after the magnet valve ener 
‘and the application valve will then return to normal pos 
Prior to the return of the valve les 1 10 was in communic 
= with: ipe $ at the slide- 


: voir comes from the brake 
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valve, thereby preventing the return of the brake-application 
valve. 


85. Ball Check-Valve Between Pipes 16 and 27.—The pur- 
pose of the j-inch ball check-valve b between pipes 16 and 27 
ig to prevent the air in the pipe 27, with the brake valve in ser- 
vice position, from passing into pipe 16 and out the brake-pipe 
exhaust port. This condition would exist when making a sup- 
pression. The pressure in pipe 27 then builds up quickly on the 
suppression-valve diaphragm, thereby seating the lower check- 
valve and cutting off pipe 5 from the stop reservoir. 


86. Check-Valve in Timing-Reservoir Pipe.—The purpose 
of the %-inch check-valve c with a @,-inch choke in the timing- 
reservoir pipe is to limit the amount of air that will pass to the 
reservoir during the first reduction when a manual suppression 
ig made with a split reduction. With the charging of the reser- 
voir restricted, the time interval between the first reduction and 
the time the train control cuts in will be reduced; too long an 
interval would be undesirable. 

The time interval between reductions is governed by the rate 
at which air escapes from pipe 27, which is open to the atmos- 
phere at the reduction-insuring valve until a 10- or 12-pound 
reduction has been made in brake-pipe pressure. 

If the check-valve were omitted, the timing reservoir would 
charge too high during the first reduction; this in turn would 
permit the engineer to leave his brake valve in lap position for 
a longer period of time than otherwise before starting the sec- 
ond reduction of the suppression. A train at high speed will 
run a considerable distance in a short time and for this reason 
a delay of more than a few seconds i in lap position is not desired, 
It will be noted that most of the air that enters the timing ‘reser- 
nipe exhaust through pipe 16, 


8. _ Check-Valve in Pi A 


he purpose of the ‘- “inch : 
24 is to restrict: the _ 


mee position. The air 
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passes quickly to the atmosphere at the No. 7 exhaust port of 
the brake valve, thereby permitting the pneumatic relay to close 
and acknowledgment to be made. 

The following condition would exist were the check-valve 
omitted: The pipe 27 is connected to the brake-pipe pressure 
in pipe 13 by way of the upper check-valve in the reduction- 
insuring valve. This pressure in the.spring chamber of the 
suppression valve will result in its upper check-valve being 
opened, The air in the stop reservoir, instead of going to pipe 5, 
will pass instead to the spring chamber of the suppression valve 
and to pipe 25, thereby holding the pneumatic relay open indefi- 
nitely and preventing acknowledgment from being made. 

It will be noted that, with the magnet valve energized, the 
air in pipe 27 escapes to the atmosphere at the automatic-brake 
valve, and the air in the stop reservoir escapes at the brake valve 
and at the exhaust port of the timing valve. This only leaves 
the small volume of air in the spring chamber of the suppres- 
sion valve to pass the check valve to pipe 2). 


88. Choke Tee in Pipe 27.—The purpose of the 4;-inch 
choke tee e in pipe 27 is to restrict the flow of air from this 
Pipe to the timing reservoir and to the atmosphere at the reduc- 
tion-insuring valve when making a suppression, This permits 
the pressure to build up quickly on the diaphragm of the sup- 
pression valve and results in pipe 5 being cut off from the stop 
reservoir. 

The air that passes to pipe 27 is supplied from the brake pipe 
when the brake valve is placed in service position. 


89, Ball-Check 7—The purpose of the ball check f is to 
prevent the air in pipe 25 from passing to the lock-up reservoir. - 
and the chamber between the heads of the control piston at the 
time the train control cuts in. The admission of air at this time 
would prevent the control piston from being moved to applica- 
tion position by the air in pipe 16. 

The air in the lock-up reservoir lifts the ball check and escapes 
through pipe 25 when the brake-application valve returns to 
normal position after a train-control application. 


in order to release the brak 
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90. Ball-Checkg.—The purpose of ball check g is to pre- 
vent the air that passes from pipe J to pipe 40 from passing 
quickly to the atmosphere at the slide-valve chamber of the hold- 
back piston, thereby allowing the pressure to build up imme- 
diately in the chamber below the hold-back piston, forcing it up. 
The air in the split-reduction timing reservoir lifts this check 
and escapes through passage 404 when the control piston 
returns to normal position. 

The choke A determines the degree to which the first timing 
reservoir charges during the first reduction when the train con- 
trol cuts in. The time interval between the reductions depends 
largely on the extent that the reservoir charges. 

The ball check in the passage to the equalizing reservoir is 
not used with the collapsible type of equalizing piston ; the checl< 
is used only when the piston is of the solid type. 


91. Dead-Engine Cock—When in dead-engine position, 
the dead-engine cock permits air from the brake pipe to pass 
through the strainer and check-valve and charge the main reser- 
voir, This provides main-reservoir pressure for the operation 
of the locomotive brakes and also such auxiliary devices as the 
bell ringer, etc, 

BROKEN PIPES 


92. Pipe 1—Reference should be made to Fig. 38 when 
studying the effect of broken pipes. Should pipe 7 break, a 
train-contro! application will occur. If the pipe breaks at the 
timing valve, plug the pipe and cut out the train-control equip- 
ment by turning the handle of the cut-out cock at the automatic 
brake application valve to closed position, 

If the pipe breaks at the split-reduction valve, plug the pipe _ 
and proceed. A split reduction wil not oo De obtained during 
a train-control application, a os 


93. Pipe 5—The fact th 

badly will only cause tro 
is permitted to cut in; ther 
other time. Then when ona 


t in-control. equipment 

presstire in this pipe at any 
ight, cut out the train control _ 
en the light changes to high, | 


is sAyoken ¢ or eldg a : 
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cut the train control in again. Thereafter acknowledge and 
pass all caution signals at a speed of less than 20 miles per hour, 

94. Pipe 10.—-A train-control application will occur when 
pipe 10 breaks. With this pipe broken, cut out the train-contro} 
equipment, 

95. Pipes 13 and BP.—Pipes 13 and BP contain brake-pipe 
air and should they break off or leak badly, plug the ends toward 
the Bow of air and cut out the train-control equipment. 


96. Pipe 19.—Should pipe 79 break off, plug the pipe 
toward the flow of air, and, as this break prevents suppression, 
pass caution signals at a speed of less than 20 miles an hour. 


97. Pipes 16 and 27.—Kither pipe 16 or 27 when broken 
off will affect the operation of the train-control equipment 
when an attempt is made to suppress on a change from a high 
to a low light. Under such a condition, lap the brake valve and, 
wait for the kick-back, then acknowledge and release the brakes, ° 
Thereafter pass all caution signals at a speed less than 20 miles 
an hour. 


98. Pipe 37,—A failure of pipe 37 will have no bad effect | 
unless the train-control equipment is permitted to cut in. A. 
split-reduction. will not then occur, also the brake-pipe exhaust 
will continue to blow until the kick-back takes place. Acknowl! 
edgment should then be made and the brakes released. 


99. Pipe 17.—When pipe 17 breaks off and the train-con- 
trol equipment is permitted to cut in, the brake-pipe exhaust on 
the second reduction will continue to blow until the. kick-back. 
occurs. Acknowledgment should then be made and the brakes. 
released. - 


EQUIPMENT FOR SPEED CONTROL WITH PNEUMATIC 
ACKNOWLEDGEMENT 


100, Charging.—In Fig. 39 is shown a diagtanamatie: vier 
of a two-speed train-control equipment with the pneum: 
acknowledgment feature. The equipment is assumed to 
normal position, with the magnet valve energized, and the 
valve in running position, | ge 


AUTOMATIC TRAIN CONTROL 73 


Air from the main reservoir passes through the dirt collector 
to passage 2 in the brake-application valve and charges cham- 
ber 4; also, the air passes through passage b and the slide valve 
of the application pilot piston to chamber B at the outer end of 
the piston, From chamber 4 the air flows through passage and 
pipe 6 and charges chamber C between the two rotary valves in 
the brake valve. A branch from pipe 6 conducts the air to the 
brake-pipe feed valve; the air then flows through the lower 
rotary valve, pipe 3, and the double heading cock to the brake 
pipe. A branch pipe 3 from the brake-pipe conveys brake-pipe 
air to the chamber beneath the equalizing piston 75 and to the 
spring chamber of the reduction-insuring valve. Also, air passes 
from passage 3 at the brake valve to a passage 19, thence through 
. the upper rotary valve and pipe 19 to the diaphragm cham- 
ber D of the reduction-insuring valve and the suppression-limit- 
ing reservoir. The brake-pipe air in passage 19 at the brake 
valve passes through passage and pipe 21, the application slide 
valve and pipe 8, and charges the equalizing reservoir. 


101. The main-reservoir pipe 2, Fig. 39, conveys air to the 
train-control feed valve, where the pressure is reduced to 70 
pounds. From the feed valve, the air passes through pipe and 
passage 7 to chamber E of the pilot-valve piston. The air from 
pipe 1 also passes through the cut-out cock to chamber F in the 
relay portion, thence through passage ¢ and the timing valve d 
to chamber G. At the point ¢ near the magnet valve, the air 
leaves pipe 1 and passes through passage e, the strainer, the 
lower end of valve f and passage g, and charges the blow-down 
reservoir and chamber 15. At one end, passage and pipe 4 is 
charged with pipe J pressure from chamber E ; this passage and 
pipe at the other end charge with pipe 1 pressure from cham- 
ber F. From chamber £, the air passes through a port in the 
pilot piston to passage 4, thence by. way of the upper. valve h- 
in the reduction suppression valve to pipe 4 and passage 4 in 
the’ relay portion. The pipe 7 air in chamber F also charges 
passage and pipe 4, ‘through passage a, and the choke j. The | 


quick-release reservoir charges to the pressure in pipe 1 bi o 


penenge and pipe 18 that connects to passage 4. 


74 AUTOMATIC TRAIN CONTROL 


The timing reservoir No. 2 and chamber H in the reduction 
suppression valve are connected through pipe 27 to the atmog: 
phere by the upper rotary valve. The timing reservoir No, J 
is connected through passage 25 to the atmosphere at the reduc. 
tion hold-back valve. The first reduction reservoir is connected 
through passage 77 to the atmosphere through the slide valve of 
the application piston; the second reduction reservoir is con- 
nected through pipe 77 to the atmosphere through the upper 
rotary valve of the brake valve. The stop reservoir is open to 
the atmosphere through the relay or low-speed slide valve. 


102. Automatic Train-Control Application, Speed Over 
20 Miles per Hour.—When the magnet valve is deenergized 
by a change from a high to a Jow light the valve f is moved 
upwards by its spring and an air pressure of 70 pounds to the 
position shown in Fig. 40. The supply of air from pipe 1 to 
the blow-down reservoir and chamber 15 is now cut off by the 
seating of the lower valve of the valve f and the air in this reser- 
voir and chamber is vented by way of the upper valve and pag: . 
sage I3 to the atmosphere at the blow-down valve, this valve 
being operated by the movement of the main governor, Th 
blow-down valve is so designed that the opening through it ig 
proportional to the speed, the higher the speed the larger the 
opening. If the speed is 20 miles per hour or less, the delay __ 
time before the timing valve d and its piston operate will be 
about 40 seconds and will be gradually shortened for higher 
speeds, At 50 miles per hour the delay time will be about ce 
seconds. a 
The air in the blow-down reservoir, in passage 15, and chuens 
ber 15 will eventually pass to the atmosphere until the pressure 
is reduced to about 40 pounds when the spring will move the. 
timing piston to the right and deflect the diaphragm; the tu 
valve d will then be moved in the same direction by its 
The air in chamber G now passes by the right end of the ti 
valve to the atmosphere ; the left end of the valve seats ; 
vents the escape of air from passages 7 and c. ‘The pres 
chamber F below the relay s 
and the relay or low-speed slide 


AUTOMATIC TRAIN CONTROL 75 


through passage 14 to the stop reservoir; therefore, the pressure 
in this pipe back as far as the spring chamber of the pilot piston 
is considerably reduced. The movement of the low-speed slide 
valve also connects pipe 4 and chamber E by way of passage 9 
to the low-speed governor valve, which is always open at speeds 
above 20 miles per hour. 


103, The venting of the air in pipe 4, Fig. 40, to the stop 
reservoir and to the atmosphere at the low-speed governor if 
the speed is above 20 miles per hour, reduces the pressure in 
pipe 4 faster than it is being supplied from pipe 1 through the 
small port in the pilot piston and the choke 7 in the relay portion ; 
the piston and slide valve then move to the right. In this posi- 
tion of the slide valve, the pressure in chamber B above the 
application piston is vented to the atmosphere; the pressure in 
chamber A below the piston moves it and the slide. valve 
upwards, the latter then making the following connections: 
Pipe 6 is connected to pipe 3; this removes the main-reservoir 
pressure from the chamber C between the rotary valves in the 
brake valves and connects this chamber to the brake-pipe pres- 
sure in pipe 3, 

Passage 17 is connected to passage 8 ; this connects the equaliz- 
ing reservoir to the first reduction reservoir, and to the spring 
chamber of the reduction hold-back valve, also to the annular 
space k around the top of this valve. 

It will now be explained how the automatic. train-control 
application is made in the form of a split reduction. The capac- 
ity of the first reduction reservoir is such that the air in the. . 
equalizing reservoir when vented to it, will reduce 8 pounds 
from a pressure of 70 pounds. _When the equalizing piston lifts. 
in response to the.reduction in the equalizing reservoir, the: 
brake-pipe pressure in the chamber below the piston passes 
through passage 14 to the chamber above: the reduction timing. 
valve piston and forces it down. The 
through passage / to the atmosphe: , also the air lifts the ball 
check 25 and passes through | age 25 to the No. 1 timing 


ake-pipe air now passes. _ 


reservoir ; in addition the air passes from passage 25 to the cham-_- : 


ber below the daphne of the 


tion safety valve, and - 
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the atmosphere through the choke m, The downward move. 
ment of the timing-valve piston seats the timing valve n: alag 
the air in the reduction safety valve holds the valve o to its seat, 
With these two valves closed, the equalizing-reservoir air jg 
trapped in the spring chamber of the reduction hold-back valve; 
this makes it possible, as explained farther on, to split the 
reduction. 


104. The flow of brake-pipe air to the chamber above the 
reduction timing valve pistan stops when the equalizing piston 
seats the discharge valve after the first reduction. The reduc. 
tion timing valve piston now moves up; this will permit the 
equalizing-reservoir air in passage 26, Fig. 40, and the spring 
chamber of the reduction hold-back valve to unseat the timing 
valve and escape to the atmosphere through the vent from pag. 
sage 1, The equalizing-reservoir pressure in passage 17, in the 
first reduction reservoir, and in the space k now forces the redue- 
tion hold-back valve down, thereby closing port p and cutting off 
the first reduction reservoir from passage 26 and the atmosphere, _ 
and connecting this reservoir by way of passage & and pipe 17,.. 
and also the equalizing reservoir, to passage 17 and the secon 
reduction reservoir. The equalizing piston again lifts and the. 
second reduction of the train-control application now begins, : 

The reduction safety valve o insures that the second tedite- 
tion takes place. For example, if the reduction timing valye 
sticks and does not return to normal position after the brake: . 
pipe exhaust of the first reduction ceases to blow, the reduction 
safety valve will unseat in a few seconds and vent the pressure 
in the spring chamber of the reduction hold-back valve to the _ 
atmosphere; this valve will then move down and start the secon 
reduction. 

The purpose of the valve q is to vent any air to the ath 
phere that may leak into the spring chamber after the reduction 
hold-back valve moves down. The first and second reductions: 
will total about 24 ‘eta aae from ¢ a pale ne sees 
pounds, 

It is assumed, in the fotegaing: that the engi 
brake valve as soon as the train control cuts im, otherw: 
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equalizing reservoir will be completely vented to the atmosphere, 
The reason is that pipe 17 is open to the atmosphere in all posi- 
tions of the brake valve except lap and emergency. 

Another reason why the brake valve must be lapped is to 
allow the pressure in pipe 4 to build up in the spring chamber 
of the pilot piston. If the brake valve is not lapped, this pres- 
sure will escape to the atmosphere at the release pilot valve, 
which is open in release, running, and holding positions of the 
brake valve. 


105. Summary.—The following summarizes briefly a train- 
control application: When the magnet valve is deenergized, the 
air in the blow-down reservoir and in the diaphragm chamber 
of the timing-valve piston is vented to the atmosphere at the 
blow-down valve. This causes the timing valve to move and 
results in the relay piston and slide valve moving to application 
position ; this latter action in turn causes the air in pipe 1, Fig. 40, 
and in the spring chamber of the pilot piston to be vented to 
the stop reservoir and to the atmosphere at the low-speed gov- 
ernor. The venting of air from pipe 4 causes the pilot piston 
and its slide valve to move to application position; the applica- 
tion piston and its slide valve then move to application position. 
In this position the slide valve vents the air in the equalizing 
reservoir to the first reduction reservoir and to the reduction 
hold-back valve; also, the movement of the slide valve’ replaces 
the main-reservoir air above the rotary valve of the brake valve 
with air from the brake pipe. This latter action prevents the 
brakes from being released during a train-control application. 

The air that discharges at the brake-pipe exhaust port forces 
the reduction timing valve down and escapes to the atmosphere ; 
also, this air passes to the No. 7 timing reservoir, and to ‘the 
reduction safety valve, causing it to close. On its way to the 
reduction safety valve, the air discharges slowly to the atmos- 
phere through a choke. . Shortly after the discharge valve seats, 


thereby completing the first reduction, the reduction hold-back _ : 


valve opens, and connects the equalizing reservoir and the first _ 
reduction reservoir to the secor 
the second reduction, 


5 AOrmd 


eduction reservoir; this starts 
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106. Releasing—It will be remembered that the air in 
pipe 4, Fig. 40, was connected to the atmosphere at the low- 
speed governor valve when the train control cut in. This goy- 
ernor valve does not close until the speed reduces to 20 miles 
per hour ; hence, if the speed is considerably above this amount, 
the air in pipe 4 will be completely vented. As soon as the goy- 
ernor valve closes, the stop reservoir and pipe 4 will begin to 
charge with pipe 7 pressure from chamber £, through the port 
in the pilot piston and from chamber F through the choke j, 
In about 40 seconds after the governor valve closes, the pressure 
will have built up sufficiently in pipe 4 and the stop reservoir 
for the pilot-piston spring to force the pilot-piston back to nor- 
mal position, Fig. 39. Chamber B will now charge with air at 
main-reservoir pressure fron chamber 4 as already described, 
and the spring will finally return the application piston and slide 
valve to their normal positions. 

The main-reservoir air can now pass from chamber A through 
passage and pipe 6 to chamber C between the rotary valves of 
the brake valve; the brakes can then be released by returning: 
the brake valve to full release position. The gauge hand indi- 
cates when main-reservoir pressure is restored to the brake 
valve. 

It wilt be noted that the reason why the engineer cannot release 
the brakes during a train-control application is due to the fact 
that main-reservoir pressure above the rotary valve is replaced 
by brake-pipe pressure as soon as the train control cuts in. Also, 
a release is delayed until main-reservoir pressure is restored to 
the chamber in the brake valve between the rotary valves, and 
this does not occur until about 40 seconds after the speed has 
been reduced to 20 miles per hour. | 

The relay portion of the equipment remains in the position | 
shown in Fig. 40 until the cab indication changes from a low to 
a high light. The magnet valve then becomes energized, and the 
relay portion is charged as already explained, thereby causing its . 
parts to move to the positions shown in Fig. 39. The relay slide 
valve now connects the air in the stop reservoir to the atmos- 
phere and also breaks the connection between pipe 4 and the 
stop reservoir. 
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107. Automatic Train-Control Application, Speed Below 
20 Miles per Hour.—If the train is running at a speed of or 
below 20 miles per hour when the cab light changes from high 
to low, the train-control equipment will operate as already 
explained, provided, of course, the acknowledging valve is not 
operated. However, the air in pipe 4, Fig. 39, will vent only to 
the stop reservoir, because the low-speed governor valve is closed 
at speeds below 20 miles an hour. The brake valve should be 
lapped as soon as the train control cuts in; the pilot piston will 
then be returned to normal position, as already explained, when 
pipe 4 and the stop reservoir have charged to the required pres- 
sure through the port in the piston and the choke in the relay 
portion. It requires about 40 seconds after the brake valve is 
lapped for pipe 4 and the stop reservoir to charge sufficiently to 
return the pilot piston to normal position. The return of the 
pilot piston and hence of the application piston will be indicated 
by the red hand on the large duplex gauge; the brakes can then 
be released. The relay portion does not return to normal posi- 
tion until the cab light changes from low to high. 


108. Manual Suppression at Speeds Above 20 Miles per 
Hour.—The operation of the train-control equipment is sup- 
pressed on a change of cab indication from a high to a low light 
if the speed is above 20 miles an hour by making a brake-pipe 
reduction of about 12 pounds. This reduction will prevent the 
escape of air from the spring chamber of the pilot piston through 
a portion of pipe 4, Fig. 39, to the atmosphere at the low-speed 
governor. At speeds under 20 miles an hour, suppression. is 
accomplished by operating the acknowledging valve, thereby 
causing the air from the acknowledging reservoir to operate the 
acknowledging pilot valve, which then charges the stop:reservoit 
from chamber F. 

Suppression at speeds over 20 miles an hour will be explained 
first. When the brake valve is placed in service position, the 
brake-pipe air in pipe 3, Fig. 39, is connected through a port in 
the upper rotary valve to pipe 27. From this pipe the air passes 


by. way of the application slide valve to chamber H of the sup-__ _ 


pression Yaive; the piston then moves up and closes the valve, Bh 
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The air in the section of passage # between the valve h and 
the spring chamber of the pilot piston is then trapped, therefore 
the venting of the air in the other portion of passage and pipe 4 
through the relay slide valve and passage 9 to the low-speed govw- 
ernor valve will not cause the pilot piston to move. The above 
portion of pipe 4 is supplied with air through the choke 7 in the 
relay portion, but the vent to the atmosphere at the reduction 
suppression valve with the lower valve unseated will prevent 
any accumulation of pressure in the spring chamber of this 
valve that would prevent the piston from moving up should the 
vent at the governor fail to do so, Of catrse, it is understood 
that the relay portion operates at the end of the delay time, as 
already described, when the magnet valve is deenergized, and 
the air in the section of pipe 4 just mentioned continues to pass 
to the atmosphere at the low-speed governor valve until the speed 
reduces to 20 miles per hour, 


109. In addition to passing to chamber H, Fig. 39, of the — 
reduction suppression valve, the brake-pipe air in pipe 27 passes 
to the second timing reservoir and through passage s and the © 
unseated valve ¢ to the atmosphere at the reduction-insuring 
valve. Also, as soon as the equalizing piston lifts and unseats — 
the discharge valve, the air discharging from the brake pipe 
passes through passages 78 and 16, and the slide valve of the. 
application. pisten to the second timing reservoir and to the. 
atmosphere at the reduction-insuring valve as just explained. . 
As the brake-pipe reduction continues, the brake-pipe pres-. 
sure in the spring chamber of.the reduction insuring valve will 
decrease to such an extent that the pressure trapped in pipe 79 | 
and the suppression limiting reservoir will finally force the pige 
ton of the reduction-insuring valve upwards, and seat the valve t,.__ 
When this valve seats, the discharge of air from chamber Hof 
the reduction suppression valve and the No, 2 timing reservoi 
_ geases, and air from the brake pipe will pass from the spring 

chamber of the reduction-insuring valve past the valve and 
passage s to chamber. H, The admission of pressure to thi 
chamber insures that the valve fh will be held seated, theret 
making the suppression. we name; as long as the brake valve 
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is in lap or service position. If the required reduction of 12 
pounds is not made in the brake pipe and in the spring chamber 
of the reduction-insuring valve the valve f will not seat. The 
air in pipe 27, in chamber H and the No. 2 timing reservoir will 
then vent to the atmosphere at the reduction-insuring valve, the 
valve will unseat, and vent the air in the spring chamber of 
the pilot piston to the atmosphere at the low-speed governor 
valve. A train-control brake application will now result. 


110. If desired, the 12-pound reduction required for a 
manual suppression can be made in two reductions. If this is 
done, the brake valve must not be left on lap for more than’ 
2 seconds after the brake-pipe exhaust stops blowing; if so, a 
train-control brake application will occur owing to the discharge 
of air from chamber H, Fig. 39, and the timing reservoir, 

It is not necessary to operate the acknowledging valve when 
making a manual suppression. However, if the valve is oper- 
ated, the stop reservoir will begin to charge as explained farther 
on, and this will permit the brakes to be released more quickly 
after the speed has reduced to 20 miles an hour. When the 
low-speed governor valve closes, the pressure will return more 
quickly to pipe 4, thereby causing the pilot piston to return to 
normal position sooner than otherwise. 


111. Release After Manual Suppression.—The speedom- 
eter indicates when the speed of the train has dropped to 20 
miles an hour; this fact, also, will be indicated by the hand on 
the pipe 4 gauge, which will move up to 70 pounds, thereby 
showing that the low-speed governor valve has. closed and. that 
the stop reservoir is charged. The brakes can now be released 
if train conditions will permit. 

Any attempt to release at a speed above 20 riled an hour will 
result in the pressure in chamber H, Fig. 39, and in pipe 27 being 

_ vented to the atmosphere at the upper rotary valve of the brake 
valve. A train-control application will then occur, because the 
downward movement:of the piston in the reduction suppression 
valve will unseat the valve A, th 


yy connecting the spring 


chamber of the pilot piston ‘civ! Pipe 2 to abe ener hers at it ae 


the low-speed. govetipe waiver: 
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With the brake valve in full release position the brake pipe, 
pipe 3, and the spring chamber of the reduction-insuring valve 
are connected to the main reservoir, The piston in the reduc. 
tion-insuring valve and the valves f and # then return to normal 
position. In this position of valve ¢ the air in chamber H of 
the reduction suppression valve, in the timing reservoir No, 2, 
and in pipe 27 is connected to the atmosphere at the reduction. 
insuring valve, also at the same time the air in the above places 
is vented by way of pipe 27 and the upper rotary valve of the 
brake valve to the atmosphere. The piston in the reduction sup- 
pression valve is now moved down by its spring, thereby per- 
mitting the valve 4 to be unseated by its spring. When valve h 
unseats, the air that is trapped in the spring chamber of the pilot 
piston and in passage # between this chamber and valve h, as 
well as the air in the quick-release reservoir is vented to the 
portion of pipe 4 between valve h and the low-speed governor 
valve. The capacity of the quick-release reservoir is such that 
the venting of the air in the spring chamber of the pilot piston 
to the empty portion of pipe 4 will not cause a train-control appli- 
cation, The pressure in the complete pipe and passage 4 will | 
now charge up to train-control pipe pressure through the port 
in the pilot piston and choke j in the relay portion. When the 
brake valve is moved to running position, air passes from the 
feed valve to pipe 19, to chamber D of the reduction-insuring 
valve, and to the suppression-limiting reservoir. 


112. Suppression at Speeds Under 20 Miles per Hour.—At 
speeds under 20 miles an hour, the low-speed governor valve is _ 
closed, hence the movement of the relay slide valve to applica- 
tion position when the cab indication changes from high to low _ 
will not result in a reduction of pipe 4 pressure. Neither will _ 
the air in pipe 4, Fig, 39, be vented to the stop reservoir, the 
reason being as follows: On the change of cab indications the 
engineer moves the handle of the acknowledging valve to _ 
acknowledging position. This action vents the air in. th 
acknowledging reservoir to pipe 7, thence through pipe 20 t 
the chamber above the acknowledging pilot valve piston. Th 
piston will be depressed, thereby unseating the pilot valve w fc 
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about 50 seconds, or while the air in pipe 20 is discharging 
through the small choke shown. During the interval that the 
pilot valve is unseated, the train-control pressure in chamber F 
will charge the stop reservoir through passage 14. The pres- 
sure in pipe and passage 4 cannot then unseat the ball check 
and vent to the stop reservoir because of the approximate equal 
pressure in each. Therefore, a train-control brake application 
is prevented. 

Tt will be noted that the acknowledging reservoir is supplied 
with air from the train-control feed valve. The relay portion 
will return to normal position when the magnet valve is ener- 
gized by the cab light changing from low to high. The relay 
slide valve will then vent the air in the stop reservoir to the 
atmosphere. 


113. Automatic Train Control Application When Low- 
Speed Limit Is Exceeded With Low Cab Light—It will be 
assumed that the engineer has suppressed the operation of the 
train-control equipment by making the required reduction, and 
has reduced the speed below 20 miles an hour. If the cab light 
remains low and the speed slightly exceeds 20 miles an hour, 
the train control will cut in. With a low cab light, the magnet 
valve is still deenergized, hence the relay portion is in applica- 
tion position, the position it asstmed when the light changed 
and the stop reservoir is charged to standard pressure There- 
fore, the air in pipe 4, Fig. 39, will be vented to the atmosphere 
through passage 9, the relay slide valve, and the low-speed gov- 
ernor valve when the speed exceeds the low-speed limit. The 
ball check prevents the air in the stop reservoir from passing to 
pipe 4 and the low-speed governor valve. If the brake valve is 
lapped as soon as the train control ctits in, the brakes can be. 
released, if train conditions permit, ina few seconds, instead 
of 40 seconds, after the speed has been brought below the low- 
speed limit. This shorter interval is due to the fact that the 
low-speed governor valve was only held open slightly for avery 
short time, hence very little air escaped from pipe 4. 


114. Protection Interlock Portion. —The purpose of the : 
protection interlock portion is to impose a low speed in case 
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either the main-governor drive or the protection-governor drive 
should fail. The latter governor opens its valve when the speed 
reaches 18 miles an hour. 

With the main-governor drive disabled, the protection Ove 
ernmor, when the above speed is reached, will open its valve 33", 
Fig. 39, and vent the air in pipe 33 to the atmosphere. The 
interlock piston and slide valve then operate and connect pipe 4 
through passage 3 and the protection interlock valve, that, with 
the drive disabled, is open to the atmosphere. Thus, the train 
control will cut in at speeds above 18 miles per hour with the 
main-governor drive disabled. 

Should the protection-governor drive fail, the valve 33’ will 
seat and valve 33” will unseat; pipe 7 will be connected to 
pipe 33; the protection-interlock portion then remains in nor- 
mal position, Should the speed now exceed 20 miles an hour, 
pipe ¢ will be connected through pipe 9 and the low-speed gov- 
ermmor valve to the atmosphere, Thus, under the foregoing con- 
dition, the train control will cut in should the speed exceed 20 
miles an hour. 


115. Relay Brake-Pipe Vent Valve and Maintaining Valve. 
The purpose of the relay brake-pipe vent valve, Fig. 39, is to, © 
vent brake-pipe air to the atmosphere when the brake. valve ig 
moved to emergency position, The purpose of the maintaining 
valve is to permit main-reservoir air to pass to the application 
cylinder of the distributing valve during an emergency applica- 
tion and thereby give maximum braking power on the loco- 
motive. ; 

With the brake valve in emergency position, the air in cham- 
ber C between the rotary valves passes under and forces the 
vent-valve piston and hence the vent valve upwards, thereby — 
petmitting brake-pipe air to vent to the atmosphere. At the _ 
same time the air from between the rotary valves passes to the a 
right-hand side of the large piston in the maintaining valve, 
forces it to the left, and permits main-reservoir air to pass by. 
way of the slide valve to the middle pipe on the left, here shown 
broken, that connects to the apiliogtoneegivlee Pipe of the dis 
tributing valve. 
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GENERAL RAILWAY SIGNAL COMPANY'S PNEUMATIC 
EQUIPMENT 


EQUIPMENT FOR AUTOMATIC stoP 
116. Brake-Applying Apparatus,— The brake-applying 
apparatus, Fig. 41, comprises a magnet valve, and an actuator 


86 AUTOMATIC TRAIN CONTROL 


The purpose of the actuator mechanism is to disconnect the 
brake-valve handle from the rotary valve and rotate this latter 
valve to service position when the train control cuts in. This 
action prevents the handle of the brake valve from being used to 
stop the mavement of the rotary valve when the train control 
operates. Under normal conditions the brake-valve handle can 
he used to operate the rotary valve without interference from 
the actuator mechanism. 


117. In Fig. 42 are shown the parts of the actuator 
mechanism that is placed on the brake valve. The handle a 
and the circular portion b are cast in one piece, The driver ¢ 


Fra. 42 


projects through a circular opening in the part b. The gear d  _ 
is free to turn on the upper end of the driver, and the upper _ 
portion of the rotary valve key ¢ fits into a square opening in 
the lower end of the driver. The driver has a lug f and a 


latch g, the latter being pinned to the wings A of the driver. 


The end i of the latch is pressed outwards by a small coil spring, 
not shown, The gear d is here shown in a higher position on 
the driver than it usually occupies. eae se 
With the parts in the position shown, it is apparent that : 
movement of the handle in either direction will rotate the dri 
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and the rotary valve key e. Thus, if the handle is moved in one 
tirection, its lug 7 will engage the lug f of the driver: if moved 
in the other direction the lug & on the handle will engage the 
end dof the latch. 

However, when the gear d is rotated by a rack on the actuator 
pistons, the pin / will engage the left end of the latch g and will 
carry this end outwards, the other end 7 moving inwards and 
away from the lug & on the handle. The lug m on the gear next 
engages the lug f on the driver and turns it and the rotary-valve 
key; the handle does not move, owing to the end of the latch 


Fin. 43 


being out of contact with the lug Rk. The handle is now discon~ 
nected from the driver and the rotary valve as shown in Fig. 43, 

To latch up the handle with the rotary valve again, the 
pin / in the gear d must be turned away from the end of the 
latch; this is done, as explained later, by admitting air 
to the actuator cylinder. Next, the handle is rotated slightly — 
beyond: service position until the end 7, Fig, 42, of the latch is. 
forced outwards by its spring in front of the lug kon the handle, 
Then, when the handle is moy ward release position, the . 
driver-and: the rotary-valve vill turn the rotary valve to — 
félease position.” The disc e a ae peakeene eens 
from the rotary valve is not ith 
~ the engine in the roundhous 
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air-brake system and the actuator will usually go to application 
position. Then, in addition to starting the compressor, the head- 
light generator must also he started before the handle of the 
brake valve can be latched up with the rotary valve. 


118, Operation.—With the magnet valve, Fig, 44, ener- 
gized, air passes from the main reservoir through the strainer, 
thence by the lower poppet valve a, now held open by the upper 
poppet valve b, thence through the pipe shown to the large end 
of the actuator cylinder, The valve 6 now prevents the escape 
of air through the exhaust passage e. The piston ¢ is then 
forced to the position shown. Air pressure is always present in 
the right-hand, or small, end of the cylinder through a port in 
the under side of the brake-valve cap. 

When the magnet is deenergized by the failure of the engineer 
to acknowledge, the upper poppet valve b is unseated and opens 
the port ¢; the lower valve @ is seated by its spring. The air in 
the large end of the actuator cylinder then escapes to the atmos- 
phere through the port e. A part of the air also passes to the 
whistle and causes it to blow. The rack in the actuator cylinder 
is then forced to the left by the air pressure in the small end —_. 
and the brake valve operates as already described, After the 
train has stopped, the engineer descends to the ground and oper- 
ates the reset contactor as already explained; this energizes the 
magnet valve and returns the actuator to.normal position. Then, 
by latching up the handle of the brake valve with the rotary 
valve, the brakes can be released. 


119, Double Heading.—When the double-heading cock is 
closed, the cock in the pipe between the magnet vaive and the 
actuator cylinder is closed at the same time. This cuts off the 
magriet valve from the actuator cylinder and keeps. the left end 
of the cylinder charged, thereby preventing the train control cS 
from: operating on the secand engine, ne 

With the Union Switch and. Signal Company’s systems, the a 
double-heading cock, when closed, prevents the operation of the 
equipment because the connection between the timing: valve and. 
the automatic application valve by the way of pipe 10, Fig. 31 
is broken, The magnet valve d. the timing valve will 0 perat 


89 


eo pm te 


} 
i 


3 


—— 
Se 


ee 


eRe | 
Suan orcas 
Sapeaabes ea 
sale ne rene 


* 


tne snrminnineadher at 
I Se 


Listen cionsisonimis vad Meh 
: ne | 


90 AUTOMATIC TRAIN CONTROL 


as usual but no reduction in pressure will occur in the spring 
chamber of the application valve. 


120. Cutting Out—Should the train-control system get 
out of order, the magnet valve will be deenergized and the actu- 
ator will move to application position, thereby disconnecting 
the brake-valve handle from the rotary valve. The position of 
the actuator is indicated by the arrow indicator, Fig. 41; this 
indicator has a gear that meshes with and is rotated by the 
gear d, Fig. 42, The actuator is in application position if the 
arrow indicator points away from the actuator cylinder, and is 
in release position when the indicator points toward the cylinder. 

If the actuator does not move to release position when the 
reset contactor is operated, the seal should be broken and the 
handle f, Fig. 44, of the cut-out cock should be turned vertical 
or to the cut-out position. In this position, air at main-reservoir 
pressure is admitted directly to the large end of the cylinder 
through passage g, and the actuator will be moved to release 
position. The seal passes through a locking pin in the handle 
of the cut-out cock. 


LAWRENCE J. LUKENS 


